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OEPARTflENT OF TNE NAVY
NAVAL SEA SYSTEHS C0til!J4N0
ASLINGTON, VA 22242-5160

1. Th 18 Department of Oef ense d.asIgn cr 1ter i a standard Is approved for use by the Nava I Soa
Systems Sommand, Department of tha Navy, and Is ava I I ab I e for .a. by a I I 00 PWtMOntS and A.aenc 1e.. of
the Department of Def arise.

2. Eenef ic i a I comments (rocoa!!endat Ions, add i t I ons, de I et I ens) and any pert I nent data VIII ch MSY
be of use I n I ❑prov i ng this document shou I d be addressed to: Commander, Nava I See Syateas timmand.
SEA E3J2, 2531 Jefferson Dav Is thy., Ar I I ngton, VA 22242-5160 by us I ng the Standard [ zat I on Oocument
Improvement Pr.aposa I (OD Form 1426) appear I ng at the end of this document or by I etter.

3. This design crlterla standard provides detai led Information, wldel ines, procedures and
requirements for selectlng and using fiber optic co.%ponents to transmit fiber optic signals in NaVY
systems. Tn Is standard practice ldent i f lea the cons I de.rat i ons used in the se I ect I on of the SPeC i f IC
Navy f I ber optic components and the performance of these compo”e”ts in the surface sh I p and submarine . .
env I rancmnts. In eddltlon. this standard nractice orovides detai led exDlnnatiom of the f Iber optic
system des I gn procedures.
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1“
nlL-sTD-2052A(sH)

1. SCOPE

1.1 -. This design criteria standard Provides design requirements for digital fiber
optic systems having data transmlaslon rates not greater then 5Q13megabits per second (Hbps) Installed
aboard thy surface ships and submarines. me proper application of component apeclflcatlons and
other fiber optic stendards Is addressed herein, es ara datal led methods fOr calcu IatlnO system design
parameters, with examples. lhis standard practice concentrates on the dee.1.an of a simple dloltc.1
fiber optic [Ink. It does not address Oeneral system design Issues such as the terminal equipment
desi Qn [except for cable entrance and routing .x.strai”ts), the system topology and the physical
design of the flbcm optic cable plmnt. It Is assumed that these decisions have been made and the
In formaticm Is used ae input to tha link design process. Furthermore, this document does not address
the design of analog links, links using step index fiber end complex fiber ODtlc links Contalnlng
no.limaar flbar optic components such as fiber .smpllfiars.

1.2 lt.D I I cnbillty. me design requirements in this document apply to equipment and systems
on specific ships wlIan Invoksd by the governing ship sp.acifieatlon, system specification, or other
contractual d.acun”t. They are Intended for mw systems U.IW fiber optics or the conversion or
alterntlon of exlstl”~ systems to use fiber optics. where there IS a conflict between this docu.ant
and the ship specification or contract, the ship specification or contrect 8hall take precedence.
Where ship design or systam per formsnca requirements are such that the ❑ethods herein cannot be
Implemented, users shall submit new methods to Commander, Naval Sea systems timmnnd, 2531 Jefferson .-
Davis w., Arllngton, VA 22242 -5i60 Attn: SEA 133J2 for aPPrOVOl.

1.S ~. This design crltarla standard describes the methodology thst is requirad for
designing digital fiber optic transmission links with rmpacitlas up to approximstaly 5129 IWabaud
(Hbaud) whl.h use .ithec single mode or graded index multimode optical fiber and either a light
emitting diode (LED) or laser source. This document Comentratea o“ transmission wavelengths in tha
first and second transmission windows (850 and 13W3 nanometers (no)). The information may be
applicable for Ilnka operating between 7&3 md $660 nm. Hmever, componont speci f i cat i 0n5 are
normal Iy provldod in the 2.50 and $300 ma windows only. me types of tran5mltters, fiber, and
receivers aval I able for use in I Inks are addressed as we I I as the performance characteristics of
pass 1.e components wI th i n tk+ I ink. In many ceses, the link design will be an iterative process In . .
which trade-of fs betwaen System components are e.a I Uated. For each I ink being des Igned, a u. I qua
design solution may not exist. Several solutions may be technical Iy viable. The I ink designers must
cho.me the solution that Is best suited to the particular P.PPI icmtion.

. .

1

::

. .
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UIL-STO.2Q52A(SH)

2. APPLICABLE CIOCUHENtS

2.1 ~. 7he documents Ilsted in this section are specified In sections 3, 4 and 5 of
this standard. This section does not Include documents cited in other sections of this st.mdards or
recomme.ndad for e.ddltl onal information or as exampler, . while every effort has been made to ensure the
completeness of. this Il$t, document usars are cautioned that they Wst meet ”all specified requirements
documents cited In sections 3, 4 find 5 of this Stmdard, whether or not they are listed.

2.2 p~.

2.2’.1 SP@=lflcatl ons. St nndards end hondboolq. The followlng specifications, standards’ and
handbooks form a part of this document to the extent speclflod herein. Unless othervise specified,
the iSSUeS of these docummts are those listed In the i8S”~ of the Oapartme”t of Defense Index of
Specifications and Standards (OODISS) and supplement thereto, cited in the,sollcitation (see 6.2).

SPECIFICATIONS

II IL ITARV

II IL-S-24623
HIL-S-24823/4
HIL-S-24725

MIL-s-24725/f

HIL-S-Z4725/2

HIL-I-24728

H IL-C- 2S876

HIL-F-492!31
II IL-F.42120116

HIL-F-4929t/7

HIL-C-63522

HIL-C-83522/16

lllL-C-S3522117

!ll L-C-83522/16

HIL-C-65045

HIL-C-S5E45/t3

lllL-C-S51345/14

HIL-C-85045/15

HIL-C-65045/t6

HIL-C-85S45147

HIL-C-85045/16

Splice, Fiber optic Cable, General specification For.
Splice, Fiber G@lc, Housing, Rotary Mechanical. Fiber. -.
Switches, Fiber Optic, Shipboard, (Hatri c), General
Speclflcatlon For.
Switch, Fiber Optic, Hard Hountod. Electrical
Nonlmtchlna: EYPess, Hultlmode Cable, Stnnd.Alone
(Hetrl c). ““
Svltch, Fiber Optic. Non-hard Hounted, Electrical
Nonlatch!ng; Bypass. l!ultl mode Sdble. Stand-Alone
(netr i.).
Interconnection Oox, Fiber Optic, Hetrlc, General
Sneci?icmt ion F-r.
Connectors, Fiber Optic, Circular, Plug and Receptacle
Style, ti.ltiple Removable Termini, General
specification For.
Fiber Optical, (Metric), General specification For.
Fiber, Optical, Typo 1, Class 1, size IV, Compoaltlon
A, W6ve10ngth B, Sadiation Hardened (Hetric).
Fiber, Optical. Type 11, Class 5, Size II, composition “

‘A, Wavelength B, Radiation Hardened (H fttrlc).
Connectors, Fiber optic,.single Terminus, General
Specification For.
Catnector, Fiber @tic, Single Terminus, Plug, Adapter
Style. 2.5 tlilllmotars 8ayonet Coupling, EPOXY.
!Xnnector, Fiber Wtic, single Terminus, Adapter, 2.5
Hill imeter Bayonot Coupling, Bulkhead Pans! Itount.
Cannector Fiber Optic, Single Terminus, Adapter, 2.5
Hlllimater. Bayonet coupling PC Hount.
Cables, Fiber Optics, (Hetrlc), General Speclficatlon
For .
Cab IQ., Flbor Optic, Eight Fibers, Cable I%nfiguration
MS z (oF@), ~pllc.tion B (shipboard). Cable Cl CISP.
Stl and fllf. (Metric).
Cabla, Fiber Optic, Ono Fiber, Csble,conf lauratlon Type
1 (Buffered Fiber), Lbose Tube. Cable Class SH and Htl,
(Hotri c)’.
Csble, Fiber Optic, Four Flbara, cable Can figuration
TyTIa 2 (oFCC), A$PI Icatlon B (shipboard), Cable Class
SH and HI!, (Hetrlc).
Cable, Fiber Optic, One Fiber, Ceble Conflg.retlon Type
1 (Suffarod Fiber), Tight Suffered, cable C16AS SH end
Htl, (Hetri c).
Cable, Fiber Optic, Eight Fibers, Enhanced Performance,
Cable Cunf Iauratlon Type 2 (oFCC), APPI Icatlon B
(shipboard), cable Class Sll and HH, (Hetrlo).
Cab le. Fiber Opt Ic, FOW Fibers. .Enhamoed Performance,
Cable Conf Iauretion Type 2 (oFCC), APPI i cation B
(Sh!pbaard), Cable Class SH and HH, (HetFi C)

2
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HIL-STD-20S2A(SH)

II IL ITARY - (C.antlnuod)

HIL.c.85845 /19 . Cable, Fiber optic, Twenty .FOur to ThlrtY -SIX Fibers,
Cablo Configuration Type 2 (OFCC) , APPI Icatlon B
(shipboard) , cable Class Stl and H!!, (Hetric) .

BIL.c.852145129 - Cable, Fiber optic, Twanty -Four to Thirty-Six Fibers,
Enhs.ced Performance, Cable Configuration Type 2.
(OFCC). APPI Icatton B (Shipboerd), Cable Class 3J! and
HH, (Hotric).

Smnomos

FEDERAL

FEO-STO-f@37 - Te lecommun Icat ion: GI ossary of ‘fe I ecommuni cat i on
Terms.

(Unless otherwise indicated, copies of federal and ❑l I itwy specifications, standards, and
handbooks are ava i I ab I e from the Standard i zat I on Documents Order Desk, 71213Robb ins Awe, .9ui Id Ino 4D,
Philadelphia, PA t911f-5E94. )

2.3 pan - Government oubl Icat ions. 7he fol Iowlng documents form a part of this document to the
..

extent speo I ? I ed here I n. Un I ess otherwl se spec I f I ed, the issues of the documents h Ich are DOD
adopted are thoee I lsted “In the Issue of the ODDISS cited In tho sol icitat ion. Unless otherwise
spat I f ied, the 15sues of the documents not I I Steal I n the DOD!SS are the i esues of the documents c I ted
in the solicitation (sE.3 6.2).

ELECIRDNIC INDUSTRIES AS30CIATIONITELECOHHUN ICATIONS INDUSTRIES A330CIATIDN (E IAITIA)

EIA/TIA-62-3

EIA/TIA-440.A
EIA/TIA-455-3Q

EIA/TIA-455.34
EIAITIA-455.46

EIArrlA-455.50

EIA/TIA-455-5i

EIAtTIA-455.54

EIAtTIA-455. <26
EIA/TIA.455. i27
EIAITIA-455 -168

EIA/TIA-455.177

E lAfTIA-455- f88

EIA171A-526.4
EIA/TIA-S26.112

EIAITIA.5213. $1

EIA1’71A-S213-t4

EIAITIA-S26-18
EIAt’71A-S26-t7
EtA/TIA-526-f8

wade Powar Oistr i but ion and Node Transfer Funct inn
Haasuremant
Fiber Optic Terminology. . .
Frequency Domain Heesurement of Mu I t Imode Opt I ca I Fiber
\ nforma.t i on Trsnsm i ss i on Capacity.
Interconnect ion oev i ce Insert Ion Loss Test.
Spectra I Attenuat I on Heasuremant for Long-Length,
Graded. Index Dpt {cm I Fibers.
Light Launch Cand{t inns for Long-Length Graded. Index.
Opt I ca I Fiber 2#ectra I Attenuation fleas urements.
Pulse Distortion Ueasuremont of Hultimode Glaas Optical
F4ber Information Transmission Capacity.
node Scrambler Requirements for Overfl I led Launching
Cnnd[tlons to Hulti mode Fibers.
Spectrel Character Izat ion of LEDs.
Spectra I Characterization of Hu I t i mode Laser Diodes.
Chromatic Di spars ion Measurement of flu I t i mode Grnded -
Index end Slnale.Hode Ootical Fibers by SDectrnl Grouo
De I ay Heesure;ent in the Time Domain. -
Numer Ica I Anorture Measurement of Gradad - Index ODt i es I
Fibar8.

,.

Heesuresant of tho Opt i ca I Transfer Co4f f ic ieqta of e
Pass Ive Sranch i ng Otv I ce (COUP 10r).
o@ ica I Eye Pattern Measurement Procadure.
!hasuram.ant of D i $pare ion Power Pens I ty i n D i QI ta I
S [no le-tlode Nystema.
tiessuresent of S100 I e-Rnf I act i on Power Pene I ty for
Fiber Optic Tarmlnal Equloment.
Dpt i cal Power Lost Itaaaurementa of I nste [ 1ed MuI t is.ade
Fiber Cabla Plant.
> i tter Tranafar Fuoct I on Measurement.
GutPut J i ttar Measurement.
Sy8ta~t ic J Itter Gene.rat I on Hess.rement.

(APP I i Cat 1.n fOr COPi os 8hou Id be addressed to the E IA!TIA, EII.Gi ne=ar I ng D.part.e”t, 2001
Pennsy I van is Avenue, Washington, W, 20026. )

(No.. Government standards and other pub I Icat 1..s are norms I I y avail ab I e from the organ izmt ions
that prepare or d 1str I bute the documents. TTiese docummts e I so may be sv’a I I ab I e in or through
I Ibraries or othar informational services. )
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3. DEFINITIONS

3.1 Genernl fiber ootlcs te rms. Oeflnitlons for the fiber optic terms used in this stsmdard
are i“ accordance with El A-44Q-A Fiber Optic Termlnoioay. Definitions for gsnare.1 tslacommun ications
terms used In this standard are In accordance with FEO-STO.4Q37 Glossary of Telecommunlcatlons Terms.
Oeflnit[ons for other terms es they are used In this standard are given in the following perngraphs.

3,1.1 Cable tren I ent }0s% The difference between the totat cable attenuation for an
.averfll lad launch and thostotal cabie attemmtlo” for a restricted launch along the Ianoth of the
cable.

. .
3.1.2 Fall.re ratQ. The expected number of failures of n component or link In a given timo

period. The failure rate is represented by A.

3.1.3 Fiber I=able exit bendwldth. The value mmerically equal to the lowest frequency at
which tha magnitude of the modulation transfer function of the .xmblnstlon of the eptlcal source and
optical fiber decreases to ono-half of the zero frequmcy value.

3.1.4 Fi ber oDtlc cable olant (FOCP1. The fiber optic cable plant””is the portion of the
fiber optic topology made up of the trunk cables and Interconnsctlon boxes.

3.1.5

..

Flb r .Dtic c ble toRQ.h?9Y The fiber optic cabls topology consists of fiber optic
I“tat-ec,nnect i.ar. b&as, outle%, trunk and” local cabl.as md the connectors end splices used to
I“terco”nect the trunk end local cables.

3.1.6 Plber cmtlc local cable. A fiber optic local cable provides a contlmlous optical path
beween an Interconne.ctlon box and an end user equtpme”t or an outlet, or between an Interconnection
box or . . outlet and an end user equipment, and is typically not run through the main cablewsys.

3.1.7 Flbe Oot I c ~. A fiber Optic trunk cable provides a continuous optical path
betwem two fiber o~tlc InterconnectIon boxes In the FOCP. Typically, trunk cables are run in the
main Cableways and have higher flbar counts per cable than local cables.

3,1.8 -. AT Outlat la a fiber optic interconnection box used to split out a local cable
to several local cables within n compartment or area.

3.2 flcrOW .s. The following acronyms are used in this standard:

a.
b.

::
e.
f.
Q.
h.
i.
j.
k.

Anl
APc
“WD
EER
SW
CPR
dB
dBm
DIP
03D I SS
ECL

1. Elk
m. ELSD
n. FBT
0. FODI
p. FET
:: ~

e. LAN
t. LED
u. HPN
v. HPD
w. IITSF
x. N4
y. NW
z. 00
an. oFSC
ab. OFL
ac. oTOR
ad. PC
aa. PIN
❑f, PINM

Alternate Hark Inverted
Aut0m3tic Power Control
Avalanche Photod lode
Bit Error R&3
Bandwidth
Coupled Power Ratio
doclbels
deci~els referenced to one milliwatt
Oua I In I Ine Package
Department of Oefense Index of Spec i f I cat Ions end Standards
Emitter Caplod Logic
Electronics Induatrles Association
Edge -Ittln.a Light *ittlng Olode
Fused Biconical Taper
Fiber Oictributed Data Interface
Field Effut Transistor
Fiber Optic Sable Plant
Full Width Half tlaximu8
Local W-a Network
Light Emlttlng Oloda
Node Partition Noise
floda Power 018trlbtii0n
11.aanTtma asfora Failure
Numr I ca I ALWtt!iw
Non-Return to ZOro
outs Ida Olamstar
optical Flbar Cable C%upment . .
Overf I I I ed hunch
Optical Time Damaln R?flectometer
Pbys i es I contact
Positive lntrinalc Hegative
Positive Intrinsic Negativo Field Effect Transistor
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aE. RHS Root H.aan square
ah. RZ Return to Zero
al. RZ. PDH Return to Zero Pulse Duration Hodulati.m
aJ. RZ-PPH Return to Zero Pulse POsltl On Ilodulatlon
ak. SAFENET Survivable AdaPtable Fiber OPt10 Embedded Network
al. SIP Single Inlim P.9ck.son
am. SLO Super luoinascent Light Emitting Olode
an. SLED Surface Emitting Light Emitting Diode
no. SNR signal to Noise Ratio
.9P: SR Single Reflection
t.q. m lherm.n I ectr I c
ar. TIA Telecommunlcatlons Industry Asc.oclatlon
an. TO Transistor outline
at. l-n Transistor. Transle. tor LOLIIC
au. ml! Wavelength O1.ls 10. Hultiplexlng

3.3 Pe sian eau atlon vsrlftbles. The following variables are usad in this standard:

a.
b.
c.
d.

e.
f.
9.

h,

k,
1.
m.
n.
0,
P.
q.
r.
s.
t,
u.
v,
w.
.x
Y.
z.
aa
ab
06.
ad.
ee
af .
ae.
ah.
0(.

OJ .
*.

al.
am.
m.
m
aP .
eq .
mr
as.

at.

..

,.

,,

tr8n5mltter rise time
trnnsmltter -3 dS bandwidth
est l-ted cab 10 mda I bsndwi dth
norm I i zed t I ber mods I bandwidth ( -6 dB, measured by the f I bar
manufacturer)
instal led fiber Iangth
f i ber I angth sca I I ng factor
the rise tl~ associated with the first order fiber chromatic
d I spera ion I mpulee response
transm i tte.r S3!3 epectrn I WIdth
f I ber d Ispere Ion at the transm I tter cmter wave I Qngth
r i me t I.e assoc I ated w I th the second order fiber chr.amat i c
d i sper8 Ion I mpuI so response
f i bar d I spars 1.3. s 1.apo at the transm I tter center wave I ength
fiber zero dispersion w’svelangth
transm I tter center wave length
fiber dispersion slope at the fiber zero dispersion wavelength
the Fk?iH center wsvelen@h of the source
the FUklli Opectra I w I dth of the source
receiver rise time
receiver -3 dB bandwidth
total optical link rise time
total optical I ink .3 dS bendvidth
b i t rnte to baud convers ion factor
fiber/cable exit bandwidth
ca Icu I ated component 10SS value
component OFL 10ss value
component RES loss va I uo
coup I ed power ratio
restr I cted I aunt.h power
overf i I I I aunch power
saurcelf Iber. mods power d Iatr i but ion &fstant
trens I ent cab I o loss . .
-an transmitter output power
standard devlatlon of tha transmitter output power
ne.an recalver .ensltlvlty
standard dew I at I on of tha race iver sons I t I v I ty
safety cargin for Unexpected 10ss0s
mean anv I ronwsnta I maro In for edvaree operating cond 1t ions
standard devl at I on of the anvlronmente I marg [n for adverse
oporat I no conditions
adJustmante to the I Ink 105s budget
tots I jumper cab Ie I ength
wan Jumper cab Ie attenuation
standard dav I at Ion of the J@er ceb I e ettenuat 1on
total multlflber cable Imgth
mean mltiflbar oabla attenuation
standard devi at 1on of the muI t i f ibar cab I e attenuat I on
the msxi9uq d I ff Orence I n the ●ean cab I n attenuat I o“ from the
Wnuf acturer’s measured va Iue over the transmit ter-s Center
wave I ength range
the tOta I number of comactora
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au.
0’+
aw
ax.
8Y
az .
ba
bb
bc
bd

‘. be.
bf.
bo
bh
bi.
;I:

bl.
bm.
bn.
bo .
bp
bq
br.
bs

bt
bu
bv
bw
bx .
by.

IL.
a“
N.
v,
F

.
v.

man connector I 0ss
standard de. I nt i on of the connector 10ss
the totnl number of SPI ices
the mean SPI Ice loss
standard deviat {on of the up I Ice 10ss
number of other pass I ve dov i CES of one type
■ean loss of other pass I ve de. ices of one type
standard dev i at Ion of the othor passive de. ices of one type
sax i mum powor ava i Iabl e ,,at the rece I ver
d Ispers Ion power penalty
❑ode part I t Ion no 1s0 pens I ty
total determinist Ic Jitter
Input determinist Ic j Itter
transm I tter deter. In I st I c j I tter
f Iber deterministic j Itter
recelvar deterainist(c Jitter
tots I random j I tter
Input random J i tter
transm I tter rnndom J I tter
reca iver random j Itter
flberlcable exit rim time ..

tots I output J i tter
temperature de.rat Ing factor
qual 1ty dorat i no factor
f I ber opt lc cnb I e, I I ght duty connector, heavy duty connector,
single fiber splice, cable SPIICO, or optical switch. failure
ret e. . .
ba4e opt I ca t f Iber f ❑I lurO rate
env i ronmenta I derat Ing factor
number of fibers In the cable
mat i ng i unmat ing derst i na factor
aot I ve term i n I dorat ing factor
number of switch stats

. .
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4. GEN~L sEwlsEM2im :, ;

4.1 ~. This section provldea general requirements for desi~nlng a fiber optic system.
Gannral in fo?mat lo” for those link designers who my not be familiar with the pe.rformsnce details of
the Naw standard fiber optic components and other commercially e.va)lable fiber optic comp.ments Is
provided [n 4.2. Guldanca and requirements for the physical design of equlpmtmt with Inter”al fiber
optic Ilnks a“d axternsl fiber optic interfaces are given In 4.3 and 4.4.

4.2 Qc,ti Cal fibers End fib .r ootlc .sc.mnonents.

4.2.4 $lotlcsl flbec. Thl S aectlon provides a general comparison .3? several dlffarent
standard multlmodO fiber sizes. Since the optical fiber used In typical fiber optic links Is 1.
cebled form, the Performance values diactmeed in this Sacticm are reprosentatlve of cabled ?Ibers and
will be explicitly noted as such.

4.2.1.1 f%!structlon. lho basic strwturo of an optical fiber consists of a center core
which 18 surrounded by an outer layer called the claddin~ (see figure 1). The core end cladding
materials Ccmstitutn the light .guidln~ e.tr”ctura. The cladding material has a lower I“dax of
refraction than that of the center care E2tarlcil to achieve internal reflection of the light rays.
The cladding may be coated with .athar matorlals (Qenerally pelymers) to provide physical pretectlo”,
Increased product strength, sr isoiatkm from t.xterna! mechanical force8 and molst”r.a. Flbera coetad “.
with this additional material are called buffered fibers. The Navy standard size for buffered fibers
18 9Q0 micrometers (pm). For alngla ●de fiber, the core has a com.tant Index of refrectlo” over the
entire core area. For multlmode flbar, the I“dox of refraction of the core glass may be comtent

,(Step Index fibers) or may vary over the core area (graded index fibers). For graded Index multimode
optical fibers, the c&e has a.graduet.d Index of refraction ~leh 18 hl~host at the center of the
core and equal to the index of rofrnotlon of the cladding at the Core{ claddlng interface. Far a
graded Index multimode optical fiber, a plot of the Index of refraction versus radial position (called
an index pr.afl la) is approximately parabolic. The exact shape of thn Index profile is controlled by
the fiber manufacturer to maximize the bandwidth of the 8ultl mode fiber (see rlgure 2).

/ (

-

FIGuRE 1. Ootical fiber structure,

I
.

FIWRS 2. JvDical Indxc.rafllef rmraded indxmultlmode fib0 0 e Oc.

4.2.1.2 Rel. “e e~. A number of fiber sizes em commercially
sv. ileble, but only two ere recognized es standard sizes by the Navy. These ere, the 62.5 Pm core

I

.,
:: 8
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multlmode fibar (fllL-F-49291 /6) snd the .9.5 to t8. i Vn IIlnolo mode fibOr (H IL-F-4929117). 7h0 Navy
8tandard fibers and tha mast widely used commercial fiber sizes are sho$m in teble 1.

TABLE ‘1. ~a n “dew ta .d and commercial fibe 8r izes.

sore Diameter (pm) C I add i no DI amoter Numerical
pm) #werture

8.5 to 113.13 (Navy c.tmndard, s In.a I e mode) $25 N/A

50 fcommerc I a I ) 125 Q.ze

62.5 (Naw standard, muI t I mode] 125 Q.275

te9 (Commerc Ial ) 140 e.29

4.2.1 .2.1 Slnole mode flbar. The single mode fiber 18 the most widely used fiber In the
commerc la I taIephone trunk market. hhsn used with a loser source, this fiber has an extrsmely high
bnndwidth capabl 1Ity (many times that of any mutt I mode f Iber). However, the use of this alza f ibar
requires 8 laser source tilch may be undeslrablo In some cases (see 4.2.8.1.2). Additionally, this -
f Iber haa h I gher connoct i on I oases (despite requ i r I ng t I ghter to I erances on connect ion hardware).

4.2.1 .2.2 62.5/~i5 U. multl ❑ode fiber. The 62.5/125 pm fiber is the Navy standard multimode
fiber. TnIs fiber has much lower bend sensitivity than other fiber sizes tiile still having a
ralatlvely high numerical aperture, low csbled attenuation rate (f.2 decibels per kl Iometer (dBlkm)
tYP ICE I at ~gOQ u), ad h I ah Modal bandwidth {500 mogahwtz (HHz)* typ i en I at 13LW nm)

I 4,2. *.2.3 50/125 U. mul t I mode fiber. Tne 501 i2S Vm f I ber has the h I ghost modsI bandwidth
(1000 flHz. km typical at 1900 nm). This fiber was the first to be used in the telephone netvork snd is

I
used pr imar { Iy in I onger d I stence 8PP I I cat ions {n Pr Ivato.premise networks. lhe vr i nary d isadvantnges
of th Is f Iber s i ze are I ow numsr ice I aperture, h I gher connector 10ss0s and mderate bend sens I t I v I ty. ..

4.2.1 .2.4 100/140 U. multlmode f Iber. The $001140 pm f Iber has the lowest COUPI i no losses to
LSD sourcos and requ i .es the least prec Is ion for connector and SP 1ices. 1t IS typ lcal IY usad for
short. length computer I inks and netvorke. The pr I nary d I sadve.ntages of th Is 7 I bor a i ze are the I ow
modal bandwidth (26E HHz. km typical at f3Ee nm) and moderate bend sensitivity. Also, the fOE/14@ MM,.
fiber requires d I f ferent sized connectors. and 8P I Ices than the other f I hers bOcauso Of Its 1aroer
d I smeter.

4,2. i.2.5 9e rformnce co roar I sOrI The ra I st I ve performance character I st I cs of tha Navy
standard and cc.mson CQQMWCinI QUlt{mode ; Iber 8 I z.as can ba summsr i zod as ahawn 1“ teb la t 1. .The
I Imlts ahoun In table I I sre typical valuea for cabled f Ibar performance. Several grades of fiber
opt I c cab I es w I th d I f ferent attenuat I on rates and bandwl dth can be acqu i red from cab I e msnuf acturers.
7he tylieal performance of the Navy stmdard multimode optical f Iber may be dlfforent than the I Imits

I In tsblo 1I. Additional in fer-t ion on the re)ntlve performance of different multimode ?iber s12e8
csn be found In 6.3a, b and c.

TAELE I I . Ce I fiber 0erformanoe c.amDar I m...

I ..
Fiber Size

I .
Attr 1buts se/f25 Pm 82.51f2s pm feeff4s m

SS3 rim 43ee see M 13oe nm S5S n, i3ee

!
nm n-

Typical Csbled Fiber Attenuation
(dellu)

I ““
3.2 1.9 3.2 1.2 4.5 1 .s

Bend Sensitivity. Average east Worst

Typlcsl Sabled Fiber Modal
I Simdwl dth [fi~Z . km) 500 1“ f eee Ise 500 we 2ee

Alignment Ssns[tlvity and Input ,.
Caupll.g Efflclency worst Good Oest

. . .
I
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NoTE : h’hen opt I ca I f I bars are manufactured, the I r bandwidth is ❑essured rmd the f i hers sorted Into
groups (referred to as co I I e) based on the measured bam3wl dth. me f I ber manufacturer
warrants that any product WI th In a ce I I w1I I meet the ml n {mum be.ndwl dth spec I f I ed for that
particular cell. In many cases, the bn”dwldth specified for a cabled fiber is the ❑inimum
8pecif lad bandwidth for the bandwidth Gel I to which the f Iber belcmgad a“d may be lower than
the actua I bandv i dth of the cab I ed f I bar. Sandwldth calculations (see section 5) based on
fiber bandwidth cell ■inimum Speclflcations wil I yield conservntlve I ink bandwidth
Dredictlons.

4.2. 1.3 Fiber ~ttrlbut es. lhero are 8 I x f i bar re I ated attr I butes vh i ch af f act system
perf ormancb:. coup ! I ng off I c Iency to the opt I ca I source md detector, attenuat Ion rate, bend
aens It ivlty. al I.anment 8ensltlvlty at f Ibar connections, chromatic dlsperalon and modal bandwidth.

4.2.1 .3.4 AttwIuati OQ. The attenuation of a f Iber is a function of wavelength. For
multimode fiber I Inks, operating wavel O@hs In the f Irst transmlsslo” window (8S0 t 50 nm) and thn
second transmlsalon window (1300 t 50 nm) are typical Iy used. In single mde fiber links, operating
wavo I engths I n the second transmlsa I on window and the third transml ss I cm WI ndow (1550 i 50 nm) aro
tYPlcal IY used. The second trans. 18s Ian wIndow is the standard window for Navy communI cat ion I i .ks
for either ❑ultlmodo or single mode fiber. A typical spectral attenuation curve for a cabled fiber is
nh.awn {n fioure 3.

.

I
>

t-

.,
7+1 Mumm0- SY...

. W.mle.wftl.

I
““. ”.- .l.. ,,,. ,.a

.w.-*”*m mm

FIGU~ 3. ~leal cab I ed Ovt 1CUI fiber soectrml attenuation.

I

4.2.1 .3.2 Fiber ~. For cultl moda’ fiber, the fibar dlc.tort ion la a function of the
modsI d I stc.rt Ion (rndal bandwidth), the chromat 10 disDar8 ion (see 5.4) and the source sPectral wldtl!.
For single wde fib-r, *O flbor dlatortlon Is a function of the chromatic dispersion and the source
spectra I width. The Chrowtlc dlspernlon of a mltlmodo flb4i has e zero dlspersl?n uavelangth In the
13eE nm window (MO fl(kura 4). Tb8 Chrowtlc dlep.rnlon of ● stwlsrd ●lngle wde flbor has a zero
dispersl~ wav. I.~ in the ..mnd window betwa.n 1290 and 133e nm. Tho fiber dlttortion can be
●lnlmlzod by doing ma or Wra of the followlng: Using m operating wavelength r.gion “eer this zbro
chromatic diapar.lon point, mlnlnlzlng the cable Iongth, ● lnlmizlng the sourc..s 8axlmum spectral
width, or utll Izing a higher bandwidth fiber (sac 5.4) .

4.2.1.4 ~. Optical flbarn used In Navy tactical applications shall be In
accordance with ltl L. F.4e20$, HIL.F.4029flE ma M[L.F.4g2ef /7. All multlmocfe flbere used In Navy
nontactlcal eppllcc.tlons shall bb 62.51125 IIm multlwde flbe,.

4.2.2 ~ ontie cablq. The dosipn of a flbar optic cable Influences optloal performanc.a,
env ironmsntn I and ■echan lea I perfor9nnco, human factors, and safety.. The fol lwlno paragrnpha d 1SCU8S
the Otructuro of four common emmerc Ial f Iber opt Ic cab I e dea i Ens and the benef i ta and drswbsoks of
each of those designs. 7ha da. I g.= are tha RreskM., Stranded, Leone Tube and RI bban deei ons.

. .
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.- 1.
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Cnb Ie cons~.

..

4.2.2 .4.1 Bre nkeut des_&!l A Breakout design fiber optic cable Conslots of Indlvldual Blnole.
fiber cables, al led Optical Flbor” Sab14 Components (OFCCs), laid with strength ●embars around a
cent ra I r.mbdr and overJackated for anv i ronmenta I and me.than I ca I protection (see f IW8 5). Each OFCC
cons ists of a buf fare-d f Iber (W3 w tots I d I ameter) surrounded by strength membars and a protect I Ve
Jacket w I th en outor d I e.eter of approx I mate Iy 2 mi I I I meters. 71M breakout doslw cable Is typical Iy
used as IOCIJI cabl Ing In co8m8rcial I“trabuilding applications. Thin cable design is currently tho
only cabla design approved for Navy fiber optic cables and is in accwdsnce with NIL-C-85845, fll L-C~’
85045/13 (eight-fiber cable), lllL.C-8504S/15 (four.fiber cc.ble), 111L.c.85e45/16 (al”gle. fiber tight
buffer cable), HIL.C.851345/t7 (eight-f ibor cable, enhanced perf.mmanca), HIL.C-851345/18 (four. f iber
cabla, enhanced performance), HIL-C-851145/le (txenty-four to thirty-8ix f Iber cable) , and HIL-C-
85045/20 (twenty. four to th I rty.s lx t I ber cab I e, enhanced performance). ,.

\

OPTICAL Fl&ER CABLE
COMPONENT (OPCC)

\ ~~ \wAz’A%cK’NG’. .

[

“L L oUTER JACKET

WA TER8LOCKING YARN

WA I’ER8LOCKING
CENTER MEMBER

. .
FIGURE 5. 0 SS BrenkouF ( t) desl.yn fiber ODt 1.s cable.
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4.2.2 ,1.2 stranded deslan. A Stranded design cable is m fiber optic.ce.ble in tiich the
buffered fibers ($IW pm total dlemeter) me stranded down the canter .3? the Ceble Surromded by
strength members and a protective Jacket (sea figure 6). ml. cable dasi~n Is typically used in
commerclnl inter- and Intrabui I ding trunk 8PPI Icatl.ms.

--

+JGuRE 6. S rs d s~.

4.2.2 .!.3 )-oosa Tube des I m.. A Loose Tube cabla is a fiber antic cable in which 250 pm
coated f I bars are 100s0 Iy grouped i n t~oo or. o I ot~ ti i ch are strmded down the cab I e. The tubes aro
grouped with strength members and Surromded .1 th a protective jacket. This design is typically used
in commercial long-haul telephone trunk eppl Ieatlons.

4.2.2 .1’.4 ~b~. lhe Rlbbo” cable dosi~ is a variant of the loose tube design in
which MIltlple 2513 @ coated fibers (typically !2 each) aro sandwlchod in a I Inear array, Gal led a
ribbon, and laid 1“ m loose tube dm the cemt.ar of the cable (see f Igure 7) The ribb.ms are
surrowded by an I n“er p I ast Ic tube, stren@h mmbsrs, and an outer protect I va jacket.

FIWRE 7. Wn de Ion fiber W. cs able,

4.2,2.2 Any cab I ● wad In Navy app I I cat Ions must ■eet
●ln I mum Ieva IS of performance in safety ( Iw smoke genar.t ion, ICV tox Ic ity, I w ha Iogen content,
f I ame res Istant, ●nd so forth) , durnbl I Ity (able to .Ithstund hock,. v I brat I on, me.than I cal abuse,
f Iuids, and so forth), human factors (ease of Inetal Iatlon end repair), and optical performance. The
bes 10 opt lea I performance of a part Iculer ceble des la” la daternlned by the optics I f Iber used and Is
not a primary consideration In choosing the cable disign.

. .

,,
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4.2.2.2. I -. The safety per fOr@ance of a cable la a function of the matorlals used to
manufacture the cab I e. If appropr Into materials are used to manufacture the cable, then the cabla
. I I I meet the necessary safety requirements. Current IY, on I Y the OFCC de. I g. cab I os arm manufactured
using appropriate mater lala.

4.2.2 .2.2 purnbl I Ity Each of the designs can be very durable ~en properly manufactured;
The prlnory exceptions are thi bending and watarblocking performance of the Ribbon Gable design end
the waterblocklng performance of both the Stranded and Loose Tube designs. Table Ill show the
dynamic band per farmnce of the four csble designs. The Cable”s mlni9um dynanle bend diameter is
equal to the cable’s out81do dla.aetar (M) ■ultipl ied by the factor given in table Ill. The Rlhbon
cable design has the greatest Ilultatlons on bend performance of the four cable deslgnn. Currently,
the Ribbon and Loose Tube cable doeigns unufactured commercially are not we.terblocked with suitable
materials (for example, nongreasy, nontacky, and so forth). The therms 1 and ❑echan Ica I performance of
both of these cab I e designs wou I d be ndvarsa IY affected by the use of appropr I ate co~ounds. The
9tranded design cable is general Iy not watorb locked in commercial appl icatlons.

TABLE Ill. Bend . rfoe rmmce of fi be, .Dti c cable deslans.

Cable Oealgn U inimu.n Oynami c Bend Diameter
(Cabla 00 Hultlpller)

Breakout (oF(%) .9

Strendod Otolz”
. .

Loose Tube 12 to Ze

Ribbon 20

I
4.2.2 .2.3 Human feotor n. The human factor e Iementa far the designs very wide Iy. The Pr {nary,.

area of concern for human factors la In the breskout of Indlvl dual fibers In the cable plant
interconnect ion boxes or eystem equ I pmento. The OFCC des i on 16 the most su i tab lo for Navy
app I i Cat Ions because each f i bar Is protected WI th I n Its mm subcab I e. In the Stranded deo 10n, the
Indtv Idua I f Ibers are more sut.cept lb Ie to sccldents I damage s Inca they are oat protected In an OFCC.
1. the Loose Tube end Ribbon desians. tho Individual fibers show a high susceptlbl I ity to damage when
broken out of the tube or separat;d Trom the ribbon

4 .2.2.3 Fiber Oe.ltles. Tne total fiber capacities for the various designs wary trldoly.
The Loose Tube and R lbb~ cab 1e d;s I gns heve tha Qreatest capeci t y, being ab 10 to ho Id over 2130 f I hers
in a 0.5 inch diameter cable. For the same s I ze cab 1e. the Stranded design can accommodate
aPPrOx i Qat4 fly 48 f 1hers end the OFCC des I gn can accommodate, approx i mate IY 12 f i hers.

4.2.2.4 A.. llcablllt~. 8t.Cause of the ease of use and the high degree of ruggedness. the
OFCC cab I e is current Iy tho standard Navy des I gn. OFCC cables are avai Iable with fiber counts of
four, eight, twenty-four, thirty .threa and thirty-six fibers. Al I fiber optic cables used In Navy
shipboard i ntorcompartnemt epp I i cations sha I I be i n accordance with HI L- C- S5845. The NAVSE4 F I ber
Opt I c Program Office shou I d be consu I ted to determ I no th: spec i f I cat I on sheets that are approved for
use. .“

4.2.3 @nnectorq. Connectors are conon Iy used at transai tter and rece Iver to oab 10.
comect I ons, equ Ipment connect ions and f Iber-to. f I ber connect Ions in Intorcomoct ion boxas.
Connector* WY connect on IY one Pair of f I bars tooethar (o I no! * term I nus 00~ectOr*) Or W ~nneet
mltlple palr9 of tlbers (multltarmlnu9 connectors). For NaW sh I pboard agp Ijcst Ions, ,eatnmctors mra
grouped Into two c I astes: I lght duty s i ng I ● ter9i nus connectors end heavy duty w I t ltCrml IIU8
COtItIOctOrs. LI ght duty connectors ●r* used on Iy In protected ●rms such as w I thin ●qu Ipmnt IntOr 10rS
md w I th [n f Ibar opt Ic Interconnect Ion boxes. Heavy duty connectors are used In ungrotbcted Iocat ions
such es axtarna I equ Ipment connactora.

. , . . . . . . . . ... . . . . ..,” ,-. i .+ ,.. . .. fo.e.me. ehmrneter I *t 1em me bsa Ic structure of a
. . . . . . . . . . ..-.nd to ●ach fiber end: and an

. ... . .. AIIY posit lonsthe flbare In proxlmlty so that light
. ..J. Them era mny dlfferant types tnd stylOs of cOmmarOl Ol

ih ;ri~ h. lc connector t~os I no Iude CY I I ndr I ca I fbrru I a, v.oroove,

. . . .. . .
f Iber opt I c connactor cons lst8 of two rnchanlcal e~m.~ [ [.*- am *tt*~
al Ignsent .ssemb I y. me 01 i anwnt essad IY nkva i.=. 1
tranc.m (ss Ion my occur acmaw th. lntaF*ac*
fiber Optic connectors aval IL-...
b Icon Ic, and t ense.d eonne.ctors. SM. ST. FCIPC, Blc%lc, end SC c%nectora ar~ the Ht common
com.mere I mI s In. I 0 term Inus connectors. The FlbaV Olstributad Data Interface (mol ), SC ouplex, and
ESCON connecto% we the most common commercln I dup I ex connectors.
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4 ,2.3.1.1 s~ . The commerc la 1 ST connector in the basis of. the H IL-C-83522 and H lL -
C-835221 16 Navy standard s [ ng 10 terminus I I ght duty connector. The ST is a CYI indrlcal ferrule
Comector and has e bayonet style COUF.II.Q mechanism (see f Igure 8) l%o f Iber Is epoxied Into the
ferrule unlng e.. adhesive and the fiber end face is finely pol iehod. Refer to MI L- STCI-294215 for more
Information an tho assembly and Instal latim of fllL.C.835221f6 connectors, ,~e ST type Comector was
chosen as the Navy stendard I i ght duty a ln~ 10 terml ws connactor because of It. ease of assemb Iy,
qu I ck connect Id i Sconnect t I me, rug~adness and h igh. grade @ ica I Lw,rf.armmco. The pr i nary
d I sadvantnge of the commerc I a I ST Is that it I a typ ica I ly ●ore shock SE.”Si t I ve than those sty I es w I th
screw on type coup I I w nechan i sms. rne II IL. C.83522116 ST connector is, HIL.S-SI121 Grade A shock
qualified for ●ultimode fiber.

Boot or strain telief

FIGURE 8. .Ya~ .tv comtector.

4.2.3 .1.2 JWIA and FC/PC connect ore.. The FSKA and the FC/PC connectors are also CYI Indrlcal
f erru I e connectors, but both have a screw on tyle COUPI i ng mechan I sm. The FSHA corrector typ I ca I IY
has h lgh opt I ca I I oss and pear repeatab I I I ty, maki no 1t unsuitable for Navy use. The FC/FC comector
wss deve I oped for s Ing I a mode app I I cat Ions, but has found use 1. commerc i a I muI t l!node systems as we I I ..
Th Is connector has the beat opt I ca I end mechan I en I performance of the connectors commerc i a I IY
aval Iable, but can be dlfflcult to assemble, has 0 relatively long disconnect lreconnect time and
requires larger separat ion d I stances cm patch psne Is thsn e I thsr the S7 or SC connectors.

4.2.3 .1.3 ~ I con I c connector. The b i con i c connector has a con I ca I ferru I e and Is used
commrclal Iy for both single mode and multimode fibers in teleph.me appl Icatlons. This connector is “.
larger tlmn the oth.sr commarc 1al cmnector styles, can be d I f f I CUI t to ansamb I e in the f I e I d, and
requires I arger s?paret Ion d I stances on patch pms Is than a i thor the ST .or the SC connectors.

4.2.3 .1,4 we onnector. Tno SC connector Is a newer coaaerc I a I connector he+’ I ng a pushlpu I i.
styl a COUPI 1“0 mecl%lsm and a square footpr Int. This rrmnoctor was dove I oped to .aax Imi Ze connector
dens I t i es at Connoctor patch pane Is and aqu I pmmt baekp I arms and a!1“ I ml Ze d i Sconnect /reconnect t (me
and d i ff i cu I ty. n Is connector typ Ica I IY Is constructed of P last ics and has unknown env i ronmenta I
Porfarmance, especial Iy at high shock levels.

4.2.3 .4. S f!.~. .me Navy standard heavy duty muI t I term inus Co”nectar, the
HI L- C-2087E connector, is a cy I Indr Ica I f arru la connector based on the H I L-C- 28840 Navy e I ectr 1ca I
connector (see f I gure 9). l% 18 connector Is a keyed, ●echan Ica I I y rugged, strain ra I I eved and
anv I ronnnta I I y sea lad connector. Surrent Iy the II IL-C-28876 connector can terminate cab I as with twal
four , six, and eight flbars. Each f i bar IS terninsted to e ●aPemte ferrule aswenbly, .20 I I ed a
tar. I nus, which Is ha Id In the Insart wIth I n the connector she 1I. The f I bars are apex i ed Into each
term Inus using an edhes I ve and the ends ore f Ine Iy POI I shed. Refer to 111L-Sl’O.204215 for mora
In format Ion on thQ ass.mb ly and Insta I Imt lon of H IL-C-28876 connectors. When Plug and receptac I a HlL-
C.28878 connector, ar. mated, the pin and ●ck.t tarmin I In each sat I ng receptsc I a or p lug engage WI th
tha i r correspond I ng aockat and p In term In I to a I Ign the 8at Ina f Ibars. The H IL-C-28676 connaotor was
chosen m8 the Navy atsndard heavy duty muIt I tar8inus connector because of its superior mechan I ca 1

I propart I es, em+I ronme”ta I rea I etanc., and h Iah.grede opt i ca I performance,

4.2.3.1.6 FPOI. SC DUD14X and E8CON c nnectors.0 Both the FODI and the ESCON connectors are
Inteara I un I ts d.ve loped for use In datacom and local area natirk (IAN) .app I I cat ions. The 3K dup lox
connector 18 co=on Iy produoad by ganqlng twa s imp I ●x 2C connectors in a dup Iex hous Ing. Al I three
connaotor types U*O 2.5 mm f.rrul e technc. I CXIY, as do the ST, FCIFC, and SC s 16P I ox connectors. Al I
three connector types sre PO Iar I zed to prevent ravcmal of tha transmit end race I ve f Ibere end am be
keyed to prevent connector insertion Into Incorrect receptac I es.

.....
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FIGUNE Q. Y.ttlt arm I nus (HI! -C. 28&7E\ connector.

4.2.3.2 Connector attrl butns. 7here are severs I attr I butes that descr I be connector
performance: connect Ion loss, back ref I ect {on. repeatab i I I tY. ml n I MUM connaCtOr tO cOnn*ctOr sPac I no
on patch panels, d i sc.annect I reconnect t I me. d I f f i cu I ty of assem.bIy and ruggedness.

4.2.3 .2.< Conn&tl.an 10ss end back ref Iect Ioq. Each connector in a f Iber opt i c I ink
Introduces both an opt I ca I I 0ss Into that I Ink and a rof I ected s I gna I bsck through the I Ink. The 10ss
occurs because of f I ber mI mstches an we I I as connector SPOCi f I c losses Inc Iud Ing Frame 1 ref Iect Ions
at the Interface, lateral and anaular mlsal Ianment, and In some Cases. fiber separation. Each
different connector typelstyle ●lnlmlzes each of the connection related loss ●echanisms to some
extent. Hany of the commonIy ava I I ab I e connectors ( I nc I ud i.0 the Naw standard connectors) are ,
POI I shed so as to ml”imlze the back ref Iactlan (the phyai-1 contect (PC) Pol Ish). This pot Ishing
tech. I que reduces back ref I ect I on from the cOnnectOr, end connector 10ss. Loss and beck rt.f I ect 10nS
ara the primary optical affects from the use of a connector in a fiber optic I Ink.

ml lC [{IQ Light duty sing lo t8rmlnUS connectors used In Ilavy tact I en I
OPPI icatf&3&’1 I be i~baccordance with HIL-c-83522, HIL. C-83522/f8 (connector Plus), HIL-C-83522/f7
(plug adapter) . a“d HIL:C.83522/f# (active device MOmt) Heavy duty ❑u I t I terml nus connectors used in
Navy sh I pboard app I iest i ona sha I I be in accordance w I th III L. C.2SS78 and the support I ng speo i f I cat I on
sheets. Light duty connectors used in Navy nontact 1ca I appl i cat i Ons sha I I be CamPat I b I e w I th H lL-C -
83522/f6 connectors.

4.2.4 ~. Sp I Ices are commonIY used for I ow loss permanent f I her-to-f I bar connections
in 1nterconnect i on boxes and equipments. in general. SPI ices my connsct only one pair of fibers
together (single fiber splices) or my connect multlpla pairs of fibers (multi fiber spllCeS). For
Navy shipboard applications there 18 only one class of spllce: Ilaht duty ainale fiber eplices. Light
duty s I “g Ia fiber ap I I .x8 are usad on Iy in protected areas such as equipment inter iora end w lthln
f Iber opt I c i“tercomaet I on boxes. Light duty single fiber splices used in NakY tactical appllcatl Ons
-1 I be in accordance with HIL-S.24E29 and tklL-S-24623/4.

4,2.4. f >llce tys@. ma ●+-YICS of fiber optic spllcas *lch are the most c&on 1A tha
commerc I a I market change cent lnUal IY. Fusion and ●I esto8er 81 ebve #p I I ces wera ●m.ang tho f i rSt’
deve I oped . Fusion ●pllcas sre typically used in long haul, tolephane outalda plant. and other
8PP I icmt Ions where @any SP 1ices are used and 1P 11ce equ Ipaant coats can be spread out over nny
esrw.ct Ions. To obtain qual Ity fusion 8P I ices, 2’11ghl y trained Porwnnat mnd sophl St tCated autosated
fus I on SP I IC ing ●qu I psont are requ Irad. Hechan ica I ●P I I Gas are commarc I a I IY used In app I I cat Ions
Uhnro splice quantlt lea are not as high and the initial Inveatmbnt for a fusiOn ●pll COr is
prohibitive. Host mechsn tca I ●P I icon. use e Ither index -toh I na aa I or index Mtch i no adhoa I VO tO
mhtlml za back ref 1act 1on end attanust ion.

4.2.4.2 Co~ end nerforma~. In a fusion splice, the fibers are
‘orrn a ●i nOla cent Inuoua wavaau Ida end P I acad I n a protect I v.3 holdar. For

, “ehcm 1..1 OsaombIv
fusad together toy
mechanical spl Ices, the baai= ●tructuro of tlm fiber optic e.pl Ice Cons lste of I
that physically positions tha fiber ends In close Proxlmlty so. that I la
across the I nterf ace. 7here are msny d I f f eront var i et Ies of ❑ech.m
the, most common be I “g g I ass cnp i I I tiry, g I ass rod, and e I estomer s I eeve SP I I cm. .

::
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4.2.4,3 LL9M dutv sinale fiber SDi iCt. Giass capl 1Iery mechanical 8P I ices are the most
,.

common ccmerc i a 1 machan {ce 1 SP I ices. This type of splice has low losses and low back reflections.
The recommended 81nQle fiber SPI ice for k’aq 1 ight duty eppl icstiorts (per HIL-S.2462314) Is a glass
capi I Iary nachnnical e=plIce, known es a rotary aochan ical SPI ice. This SPI Ice consists of two
Identical preclslon glaam Capillaries (ferrut es) tilch hold each fiber end (500 figure 10). 7he
f Ibera are 8POXi ed In each ferru 1e .1 th 8n u1trav101 et (w) curab 18 adhes i vd. and then the ferru te ends
are PO1I shed. The ferru I es are mated together us 1ng s ❑ets 1 a i I gnment c I fp end ( ndex match Ing ge i.
Refer to HIL-G7D-20421S for mare In forut ion on the assembly and Instai Iaticm of the MiL. S.2462314
SP1ice. The H1L. S-2462314 rotary ❑e.than Ica I sp I 1ee was chosen as the Navy stand8rd 1I ght duty s inu 10
f lber SP I Ice becaus4 of Its ease o? eeseab 1y, ruggedness, hl oh-grade apt 1C. 1 per f.aroance, and
reeataab i 1i ty.

‘r
Sf3stn rsaef

Y

Al@%-nsldSkin’s

r Fsn’Lde - fiber

I

I
FIGUSE 10.

~ 1s6 L
J?.tmv nw.chnnIca I an I I =0.

I 4.2.4.4 Soil. ttr I buteq There are seve.a I attr Ibute.s that descr I be e,pI I ce performance z
SPI Ice loss, back ref l~c;lon. re-eiterabi I tty, remsteabl I Ity, tlmelski I I to assemble and ruggedness

4 .2.4.4.1 @llce 10ss and bock re?lectlqo. The 10ss and back reflect ion mechafi 1s.s for a
fiber optic SPI Ice are alai Iar to those for a fiber optic connecter (sac 4.2.3.2.1) . Host 07 the
commonly available mechanical splices utilize an index mstching gel or edheslve to minimize the back “.
ref I act I on. As WI th connectors. th4 reduction of ths back rof 1ect I on f ram ths ap I I co a I so reduces the
SPI Ice loss. Loss and back raf Iectlon sre the primary optical effects from the use of a SPI Ice In a
fiber optic link.

4.2. S F~ q. Fiber optic switches are primari {y used In local area networks”’
(ma) as fa I Isaf o bypasses % GquIp.ent. Fiber optic switches for use in Navy tactical mission
cr i t i en 1 app I i cat I ons ohs I I ba I n accordance WI th H IL-S-24725 and the support Ing spec i f i cat I on sheets.
SOecl f kat loo sheete lflL-S.247251f and /2 descr I be 2 x 2 w It I mode f I bar opt I c bypass SWI tches fOr use
in protected rmaas such as Interconnect Ion boxe5 and system equ I pment. The Ii ewl tch Is @proved for
herd .ount Ing, but the /2 switch must be shock I so I ated to proper Iy operate dur I ng shipboard shock.

4.2.5.1 There area nimtmr of d I f faront types
end styles of flbar optic switches oomm.r~lelly avallsbla. me @bat coamon fiber optic switch tmeq.

I
era the Mvlng fiber and moving ●irror witches.. 6+th flbsr optic switch typos can exhibit chock
Sons.ltivlty. HIL-S.24725 spaclfles ■inimum Isvala of fiber optic switch pe.rfor-nce, but does not
Sp*O{fy tha witching 80ch8nism. Ilavlng fiber ●itches use w alectr{cal relay to.phtiioslly cove the
input and output f Ibera to produce ml tchI no. In mov I ng ml rror swltchea, mirrorm ara Inserted Into

I optical path by UI ●laetrlcal rmlay to produce svltchlnq.
dePend IIM2 On the ~pt I cat Ion.

Other swlteh tnm are also available

I
4.2 .s. 2 ~. Thare ire severs I attr Ibutes that dascr I be SWI tch par formmso:

switch loss, back rsflactlon. repee.tabil Ity, ..ltchlng tires, Ilfetlse, size., powsr consumption, and
ruggedness.

.,

I 4.2.5 .2.1 = IO*S and b ck ref~. The loss end back ref I ●ot Ion machanl sw for a
f Iber opt Ic SW]tch ore s 1. I I ar to th~as for a f I ber opt Ic Cormoctor ~en the switch connect Ion Is
enga~ed (see 4.2.3.2.1). In Een*ral, loss and beck ref I act ions nra. tho primary opt leaf effacts frOm

I

the uso of a switch In a fiber optic Ilnk.

4,2.6 CauDlerq. Fiber optic coupler use 1; more I imlted than that of the other passive f Iber
opt i e components. Cammon app I lest Ions tire I n pa8s I ve d i Str i but I on systems, b I d i rect I ona I

I
=ommmlcat ion Ii”ks, nnd wavelength dlvlslon multiplexed (WDlt) Ilnks. C.ammercI a I COUPI ers may be used

7..

I
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in any Navy fiber optic eystem, but the coupler used must be tipproprietaly tested to assure that it
meets the system req.lrements. Host CC,~OrCIal COUplarS are light duty couplers Intended for use.
im,ide Interconnection boxes, racks, or equipments,

4.2.6,1 Construct n end De for ●ance Chmracterlstlc s. lhe basic structure of a fiber aptic
coupler consists of input f;bern to ; coupling region, the coupling region Itself and the output
fibers. TIM number of Input fibers and output fibere may be the same or ❑ay be different. Within the
coupllng region there may be additional components such es dichrolc filters, as In the case of some
wavelength division multlpiexers. 7here are msny different types and styles of tlber optic couplers
mvallable. The basic coupler types Imlude fused biconlcal tapir (FEIT), planar, olass rod and bulk
optic.. The most common commercial fiber optlo coupler type Is the FST type fiber optic coupler.

4.2.6 .1.1 @lk Oot i c nod Olm s rod Courl I ers. The bulk optic and glass rod coupler tyQes were
the first coupler types davoloped andsehov the highest losses and the graatest Varlmblllty III
Inaertlon loss of any coupler types. In the bulk optic COupl Or, light 16 directed from the input
flbe.r to the C.mp”t fiber through the use of lenses, mirrors and beam splltters. In tha glass rod
couplers the Input light Is launched into one end of a glass mixing rod, which then launches light
Into the output fibers.

4.2.6 .1.2 ~~. FBT couplers, the most common coupler in the commercial market, are
constructed by heating, twlstlng, and fusing several fibers together. Initially, the greatest
weaknesses of this coupler type were insortlo” loss n.anuniformlty and coupling Sensltlvlty to Input
light modal candltions. It.aat current F6T couplers produced still show some manuniformlty in Inaertlan
l.aIJs (especially for couclers with -y Input and output fibers). but many do not show excessive
sensitivity to !nput light modal conditions. FBT couplers ofta” sh- a high sensitivity of tha
trrmsmittance matrix to..lnput light wavelength.

4.2.6 .1.3 P I aner Couo I I The plansr coupler currently show’s the best overall insertion
I.assunlformtty, the least .ave~e~gth sensitivity in the set of input to output coupling losses (koonm
as the transfer matrix). and the Ioast sensitivity to input light ❑odal cond!tlans. 7hl S Couplar typa
Is constructed usl”g glass substrates end aither dopositi”g waveguides on the substrate or rmdifying
the substrate material to pr.ad”ce wavegu ides within the substrate. ,.

I
4.2.6.2 CouDle attr i butet.. There are several attributes that describe coupler performance:

Imertlon loss, crosstatk (for KIH type devices), temperature sensltlvlty, wavelength SW18iti VitY Of
the trmmfer matrix, and ruggedmss.

I 4.2.6 .2.1 Couole r loss end back r flectl iq. For most of the coupler styles, the reflected “’
slgml levels are low. Losses between inp% and output fibers occur from the basic connection Iossea
(see 4.2.3.2.1) as well 0s fro. the changing wavegulda .%tructure’wlthl” the coupler. The 108s batween

1

d~fferent Input and output flbfd pairs la aiightly differcmt because of differences internal to the
mixing region. The trenafer atTIX Is generally diffOront for each tr.snsmlsslon window. Ad wtth the
other passive fiber optic components, loss end back reflection ara the primary optical affects from
the use of a coupler in a fiber optic link.

4.2.7 Jnterconnectl n bx Interconnection boxes nre used in fiber optic systems to allow
equipment to efficiently rou;e e.~da~istrlbute optical signals throughout the ship. Interconnect Ion
boxes far use In Ua%y tactical end nont?,ctical applications c.hall be III scrjc.rdanee with tllL. i.24726
and the supporting Speelficatlon sheets. These Intnrconnectic.n boxes ace vdtertlght and may be used
in unprotected locations throu@out the ship;” These boxes serve to protect and ieolate the Ilght duty
single flbar connectors, SPII.X8 or other components contained within them from the ●hlpboard.
environment.

4.2.7. f ~. The Intarconnectlon box eonal;ts of m outer box structure and
internal connecter patch pamals, 8Pllca tray holders and CPIICO traya. and cable mSmWm*at d*wlc*s.
2c911 Interconnect Ion LIOX4S that -111 accept up to eight w 16 single fiber connectors ●re ●vsllable.
These ens I I Interconnect Idn boxos. aro not modular in design. hIWO i ntOrCOnnaCt I on LIC.xes we modUIsr
With versions aval Iablo. containing one, two or three modulm..
f Iber cenneoters or 72 .Ingle f Ibor .pl leas.

Each module nay contlln up to 4a single
Serumctor and ●PIICO 9bdulea asy be ●ixed wlthln the

saw Intarcenmct ion box. A cmtor modula COnslots of ● flat plate (the patch P8MI) ●nd ●llde
channe I a thst the p I atc mounts In. me patch pane I s I Ides out of tho box for easy SCC8SS. 7h0 patch
pma I conta Ins ho lea for -t trig pane I 8ount ●Ingle f I bar connector adaptora. Tho WI 100 ●odulo
Consists of One or two ●PI Ica tray holders that wi I I accept up to SIX removable spl lea traya that ere
in c.ccordmloe .i th II IL-%2482314. ho d I f forent e.pI ica trays ero awe i I ab I e. rna tIIL-S-2462S/4-e2
SPIICS trOY holds UP ti 12 9pliSeS, but 19 ndt 6 MI L. S-11131 Credo A shock quail fled Item. The II IL-S-
24623/4.63 SPI lee trsy holds up to 6 *P! lees and Is a Grede A shock qusl if led Item.

. .
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4.2.8 ~F ra smitters. In s fiber optic Ilnk. the optical transmitter :.
converts an electrical alanal to a light (optical) signal and launches the light Imo the fiber. The

.. ..’

trens.dlttar normally ccmslsts of .3. interface circuit. en electrical drive circuit, a semiconductor
light mource mnd an optical interface (elthnr a connector or rlber optic pigtml l). Flbor optic
trnnsmltters are avell able that will accapt most IOOIC types I.cludlng transistor.tra”slstor logic
(m), emitter coupled logic (Em) and others. Semiconductor sources with canter wavelengths In
.a Ither the 850 or f300 nm transmission windows ara available. For applications with moderate date
rate8, sources In the 1300 nm wl”dow should bo used. Fiber optic transmitters approved to HIL-lf.
24791/1 are mvmll able for use In data links with Il”e rates fro. 20 to 160 Hegabaud.

4.2;8.1 @tlcal source tvm eq. 7hare are ~everal Cho{cas of semiconductor Ilght sources’ for
fiber optic links. Tha8e sources can be grouped Into two broad categories: Ilght emlttlng diodes
(LED. s) and laser diodes.

4.2.8. t.i J-ED con tructi n nnd Derformnnce chnrmcterlstlcq. LEDs are the recommended source
type for multlmode fiber I;nks be~ause of their low cost and relatively simple drive circuitry. LEDa
can be categorized Into three basic groups: eurfaco emitting diodes (SLEb), edgO emitting diodes
(ELED), end Super lumlneaca.t diodes (SLD). The basic differences between the three cmtaoories are the
dlrectlon of light e.mle.f.lcm relatlve to the positive.negative (p”) junctl.an and the power Iatmched
into the fiber.

4.2.8 .f.l.l S!&Q2. In SLEDa the light output is perpendl.uler to the pn j.n.tlm (s,. figure
if). lhie output light IS I“cohwcmt, covers a wide Spectrel range and Is distributed over a ler~.ar
solid angle than a typlcel fiber can accept.

O.”bf.a.mrohm
l=P-

. .
.,-Y. * Iwilbm

4,”2. S. f.t.2 gLED end SLQ. In contrast, most ELED and 3LD Construct lona, are based on
aamlconductor laser construotlons. The primary difference batwaen the EWD tid the laser is that the
la84r CWity fmcata are wde Iwmfltctlva.i” tha ELED w m stlmilatod emls,lon occurs. For El-EM
the Light output IS pamllel to the pn Junction (.ee flgurc 12). Mleally, tlw Ilght output from an
E(H! 18 di,tribtied OV~r a much o-l Ier sol Id angle end a ‘ilarrover spaetral band ths” the.t Of an SLED.
ELEM typically Imurmh gore powor into m multimode optical fiber than aS1.ED (especially for the
SmaI Ie.r cot-a s lz,*/”uaOr I-I aperturas) . The pr Imsry difference batwaen the USD and the W Is that
in the SLD the awl ty facets em somewhat raf I eat I w so thst sow et Imul ated e.1 sa 10” occurs .1 th I n
the cevl ty. The output of an SLD 18 over e sma I 1w 00 I id ang 18 and a narrower opectra f width than
that of an H-ED. Howevar. the output I e not fu I I y coherent.

4.2.8 .t.l.3 pert ormance comnar lnon. The p&wer launched by the SLD is the h Ighest for the LED
structures. The h Ighar power dens I t I es at the p“ Junct 10”, however. decrense the SLDS re 1i ab i 1 I ty,
7%0 SLD Is “ot as widely 13V81I able es SLEDS end ELEDs -“d IS “ot comm.a”ly used as e sour’ee 1“

..
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I

comrnunlcatlcm appl Icatl.ans. Table IV showt a comparison of the typical performances of the different
LEO typ.as

4 ,2.8.$.2 Laser diode construct i.. and Derf.rmence re.a. I romonts. se. i conductor I aser oourcos
tYP i Ca I IY hs.o a QrOatOr OutPut Power at a I war dr I ve current end h I gher bandwidth than LEDs. The
output power coup I ed into a 62.5 urn fiber for a typ teal semiconductor ) asor ls on the order of -3 to
+5 dBm. The output Is coherent and h I oh Iy d I rect I ma I . 7he spectra I wI dth of a semI conductor I aser
❑ay range from IS.5 nm (single Iongltudlnal mode lasers) to greater than 10 n. (multimode laser).
sem I conductor I asors are ava I I ab I n for use at aImost any center, wave I enoth and have moduI at 10n
brindwi dth In excess of 1 g Igahertz (Giiz).

TASLE IV. LED nnd laser oerform ancn COmoar i So@

TYP I ca I source Porf ormance

Attr I bute SLED ELED SLD Laser

S50 nm 13EE rim 850 . . 1300 nm

Launch Power -8 to -15 to -12 to -5 to .5 to -5 to
(02.5 vm fiber) -15 dBm -19 dBm -17 dB.a -40 dBm 10 dBm 3 dBm

Spectra I WIdth “’ 50 to 120 to 70 to 120 nm
FUHH) ffo nm

20 to 50 nm
170 “m

.1 to 112n.

Center Wave length “ 750 to 1’200 to 7S0 to f600 750 to 1600 77e to 1200 to
000 nm f 600 nm nm n. S0S ma <660 n.

Naxlmum Bam4wldth 250 HHz 400 to 500 > 400 Hhz > 1 GHz
HHz

Lifetime 1e’ 10’ 10$ hours
hours

10* hours *O’ hours
hours

L i near i ty Hoderate Hoderate Poor Good

Drive Surrent 3e to 200 M 30 to 200 M4 3e to 200 MA fe to 150 @A “.

Temperature
sensitivity 4ta6d8 6 to Ie to. 10 to 25 dB

(.40 te +713 %) 22 dB 25 dB

14DTE: Typical values are shown for comparison p“rposas only. check with the manufacturers for exact
performance chor.scteristics for system design purposes.

4 .2.8.1.2.! Ponl Xltvof daai.an. Samicmdwt.ar lasers do have some dlsadvamages.
Semiconductor laser Ilf%l”no are generally on the order of $@ hours, npproxlmately an order of
mtgnitude less than aost I&Io. Host semiconductor Iaaere are more temperature sensitive than m LED,
ad require mm form of autonntic pover control (A7%) oircultry and Intorml or external
thermeloctric (T5) coolers. The circuitry required for these functions, whether Intide or &telde of
the Peck-aoa, Incroasas both the coat hnd complexity of the Ilnk. mO use of internal or ●xternal TE
caolars tands to dacreasa tho transmitter-a reliability.

4.2.6 .4.2.2 ~. ~eOf ~*dl*Sdv~taa9S0f
semiconductor lesere arlaas from the semiconductor laser Interact Ion with other link co8ponants. k?Ien
mamlconductor Immars are usad with mltimoda systems the number of longitudinal -es (for exnmple,
the ●pectral width) of tha Ieaar should bo maxlmlzed. In aarieral, If the full width half 8axlWM
(FkHH) spectral width of the Iuer la Icss thm 5 nm. ~dal nola. garmrmt.dby l~er Intarfamnca will
be Pr080nt Wlthln tha II* and the link losses will b. unstable. Furtharmora. lasers VI th narrow
spectra I widths are ~re susoopt lb I a to raf 1act Ions f roa I ink comnoct ions and may further degrtda tha
I Ink per forme.nca If Iarae refloetiona era present (see s. S.4). no ●f facts of ●odal no 1se cm be
avo I ded I n ●ystems us I na ntrrow ●pat!tral width lasers I f special -I at ion tedhnlques ●e used (_OO
5.s.7). I f Iasnrs wt th nsrrow spectra I w Idths are used and these moduI at ion teohn I ques are not,
adjustments to the I oss budaet must be @ade for rmda I no Ise (see 5. S. 5). In so ma cases the I I* BES
WI I I net decraaso be low a .Inl.um value (knoym as a BER f Ioor) raaardless .Of the opt Ical Power
de I I vered to the race iver.

..
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FIGUSE 12. J@~~

‘4.2,8.2 Fiber Ontl tra nsmI t ter@. Fiber optic transml tters are ava I I ab I e In many d i f f erent
forms and with varying deqr~es of complexity. Transmitter forms Include trmslstor outllne (TD) cans,
alngle Inline peckages (SIPS), dual Inline packages (DIPs), butterfly ,Iead packages, or small OlrCUlt
boards or boxes. The transmitter output interface UIY be either a fiber optic connector adapter or a
fiber optic pigtail. If a fiber opt{c connector adapter 18 used as the output l.t.zrfece, en optical
fiber may be used Internal to the trdmmltter package to link tha optical source to the outlmt .
connector adapter. Alternatively, the optical Bource may munt Into the output interface connector
adapter so that It launches directly Into the fiber optic connector mating to the transmitter. For a
transmitter with an output fiber optic plotall, the piotail is typlcnlly a 250 IIm coated fiber within
a 1 ❑O diameter buffer tube, or a S mm single fiber ceble. Single fiber cable pigtails are more
rugged and are recommended over coated fibers In loose buffer tubes.

4.2.8 .2.1 Wruct ~om. The most basic transmitters contain”e Semlco?ductcw source In e DIP
or OTD can. These tran2mltt8r0 88Y raqulre separate circuitry In the system equipment to prdperly
condltl On the elactrlcal m!gnal that Is suppli4d to the tremsmltt4r. Dther transmlttern are more . .
complex and have the Input interfec4 elrculty and source drlva circuitry v!thin the pachage. Fiber
optic transnltters for comaunlcatlons epplleatlons typically contain. intarfaoe Circuitry and source
drlvo circuitry ● wall 8s the source. Fiber Optic tmtualtters using laser dlodea require r,ore
complox circuitry than transmlttora Imlng LEDs. 81wle lasers are available In TU cans, but generally
thesa era not used In comwIic*loN links. Laser trafnmlttar Packages generally contnin AX clrcuity
to monitor and malntaln constant laser output pmer and are In the form of a DIP. LED transmltter8 do
not usually mntaln APC circuitry. hser diode tre.nsmlttar packages MY also contain en Integral ?2
cooler, but generally the circuity to control the l’E molar Is not contained within the transmlttat’
packago and wat bc included on the printad circuit board Ufw2re the transmlttar is mountad. CamPlate
I aser packages (boxes) are ava I I rib le w21Ich contein al I of the c I rcu I try requ I red to dr I ve and cOOtrO I
the I asar.

4.2.8 .2.2 s. I’M Pr Iuary ettr ibutes that deacr I be f I ber opt I c
transml ttw porf oraemce are output power. center wave I ength. spectra I w I dth and r I ee t I ❑e.

. .
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4.2.9 Flbor Oc.tlc detect orn mnd receivers, In .3 fiber optic.1 Ink, the optical receiver
converts the transmitted opt ical s i Qna I Into an e 1actr 1cal s I gna I and, i n some cases, removes some of
the distortion Introduced by the fiber optic I Ink. A receiver normal Iy consists of an optical
intarface (elthrm a connector or f Iber opt Ic pigtal I ), an optical detector, a I w noise .9MPl If Ier, and
other circuitry to produce the output electrical signal (see figure 13) . Flbar optic r0C01VW8 are
oval Iabla that provide eloctrlcal output compatible with the common logic types including llL. ECL and
others. F(bor optic receivers approved to HIL. H.2470112 are aval Iable for use in date I inks with I Ine
rates from 20 to f612 Ilegabaud.

Figure f’J. FlOck DI aran mofa Tvr.leal Fiber Oot 1. R.ce I v.

4.2. S.1 QRLISEII dateotor con structlon MId D for manco eharacterlsticQ . dvtlcal detectors can
be categorize.d into two basic groups: posltlve. intri~sle-nagatlva (PIN) dlodas end avalanche
photodlodes (PSIPS). TIM primary dlfferencas batwaen the different detector types are respons{vity,
ral {abl I Ity, blrm voltage end frequency response. Table V 8howa a comparison of the typical
performances of the different detector types.

TA9LE V. Detector r.erformnnce comDnrlsqzz.

Typical Datector/Reeelvar Performance

Attribute PIN APD

85R nm 1303 mm 850 “m 1360 rim

Hater In I silicon Germarilum or Silicon Germanium or
I nGsAs ~~ I nGaA9

Itax I mm -35 d8m -4I2 dBm -se dllm -45 d6m
eensitlvlty

Wavelcn&h Raege . 799 to < 1200 to < 75e to’” < t2ee to
>990 nm ~eee nm w 999 nn 3699 nm

HEXI mum t(mdwi dth >$GHZ WIGNZ > 1 Gtlz >fGNz

TampOrmtur* leinlm31 Hlnlsal Ibdermta Moderate
Se. nsltlvltv

e 18s vo tt~ge . -5 to -15 v .5 to -15 v > tee v 33 to fee v

Llfetlma 499 hours 10° hours 1& hours 19’ hours

NOTE: Typ I cmI va Iues are shorn for compar I son purposes on Iy. Check WI th the menuf acturers for exect
performance character i st I cs for sYst6.m dos I gn PurPoses.

. .
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4 .2.0.1.1 p I N d I odes. PIN d lodes IIre used as the detector I n most f I ber opt I c systems. The
size of the ective nrea of the diode can be optlmlzed for the particular appl Icatl on. The frequency
response of the diode decreases as. the d lode ect I w area increases in s !Ze. For most aPP I i Cat i OnS.
especial Iy th.aae with high bandwidth requirements, the diode active area should be r.lnlmlzed.
However, the diode active eren shoulcl be as large as the core nlze 07 the I, Ink fiber. TYTlcal PIN
diodes have I Ifet Imes In excess of I& hours and 3 dB bandwidth In Oxcess of. 1 GHz. )?IO senslt Ivlty of
a PIN diode can be enhanced by cotnblnlng It wtth a f 10 Id effect tr.nslstor (FET). These hybrid .
datectors are cal led PINFETs. Recelvars Utl I Izinn PINFR detectors typical IY have areater Sensltlvlty
than they would if simple PIN diodes were used.

4,2, S. 1.2 ~~q . APDS are genera I IY used as detectors In app 1I cat I ons’ here
aensltlvitles are required that cannot be obtained with a PIN or PINFET. Silicon APDs typically
require b 188 VOI tages of over 1!30 VOI ts, uh I I e garman ium AP09 requ I re bias vo I taoes UP to a few tenS
of vo Its. Tn is necess I tntea the ava 1I ab I I i ty of n h I gh vo I tage source for the rece I ver, cow I I cates
reca I ver des I gn and decreases therms I stab I I I ty. APDs have I I fat I mes on the order of f~ hours and
bandwidth In excass of 1 GHz. AS% exhibit an inverse relationship betveen gain and frequency
response. That Is, the APO bandwidth is maximum wfmn the gain is at a minimum. In genere 1. APDa hava
❑ lower f requoncy response than a P I N or P I NFET. However, the respons I v I ty of th? APD is much OrOatOr
than that of either tho PIN or the PINFET leading to racelvor5 with ❑uch greater sonsitlvlty than
por.slbfe with PINs or PINFETs.

4 .2.9,2 Fiber oc.tlc rec. Ivern. Fiber optic receivers are also a.ai Iable in u@nY different
forma nnd -i th vary i ng degrees. of compI ex I ty. Receivers are avnl lable In TO cans, hybrid ❑icrocircuit
DIPs and butterfly lead pnckages, or smal I circuit boards or boxes.

4.2.9 .2.+ Pnntructl bn. mO most basic rece Iver* COI15i St of a semiconductor detector and en
IIMPI If for In n YU can. rnese race Ivvrs require separate c I rcu i try In the system equipment to
condition the output electrical signal and are for ut.e In I inks with relatively low data rates. Other
receivers are ❑ore complex end also have the signal conditioning cl VcultrY within the receiver
package. time rece lvern conta I n I Ink d f agnost I c c I rcu I try that aoni tore the receiver input opt I ca I
pover. I?IQ most e.amplex receivers include the mmpllfiers, elgnal conditioning circuitry, clock
recovery end I ink diagnostic clrcultry wlthln the package. mO receiver input oot i ca I Interface may
be either n fiber optic connector adapter or a f Iber optic plgtai I. The receiver Input optical
inte.rf ace i a s i n I I ar to the trensm{tter opt lea I interface.
i nterf ace.

See 4.2. S.2 for information on the Optical

4,2. S’.2.2 pece i ver attr I butes. lle pr i &y attr I butes that descr I be f i bar optic receiver
performance are aens i t i v i ty. f requancy response. spectra I response range, re I I ab i I i ty and dynaal c
range.

4.3 I rite+ ..3w irment con. ect ions.

4.3.1 Eau I oment externa I Dhys I ca I interfaces. Equipment extarna I phys ica I i nterfacos sha I I”
be as specified in 4. S.l. f and 4.3.1.2.

4.3.1.1 ?~$ Equ Ipment externa I Phys Ica I I nterfacns f .ir stand-e lone
equlpma”t 8hal I be e I tber e hea..y duty” HI L-C-2.3876 connector or a Navy approved cab I e POnOtratOr.
Cab I e penetrators I nc I ude stuff I ng tubes and muIt I P I e cab I e Penetrators. In no case shal I [ lght duty
connectors be used IM the equ Ipwnt axtemal phyml eal I ntertace. Figure 14 shows approved stand-alone
aqu lpm.nt axterna I phys I ca I Interfaces.

‘.

Equ@mnt

~~ I=!=-br
I I

FIGURE 14.

-. .

Equ@m8nt ,.

m’

b..r. .d -t.rna I Dhv lcalv m lnterfac s f. or itnnd a I one ea. i Dment,
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4.3.1.2 Rack ❑ounted eau i c.ment. Equipment externa I phys i Ce I ..i nterfmces for rack mounted
aqu I paent sha I I be e i ther a hea~ duty HIL-C-28876 connector or I I aht duty H I L. C. S3522/i 6 connectors
1f I 1ght duty connectors me used as the equipment externa I phys I ca I Interface, they she I I be
protected wI th i n the equ I pment rack and the equ i pa.mt rack sha I I have an .aXterna I phys I ca I I nterf ece
as descr i bed In 4.3.<. t . F I gura 15 show approved rack m.nmted WJ lpment externa I phys I ca I
i.twfoces.

Equ@ment Rack Eqk@menf Rack

mm’

FIGURE 15. PDDrc.ved reck-mounted eaul D.ent external ohvslcnl interfaces.

4.3.2 pirect Inter .eaulcment or inter-rack corm.et i ens. 7he most basic inter-equipment or
I nter.rack connect ion Is a d I rect connect Ion (a s I ng I e cab la betveen the two equ Ipmenta or racks).
D I root i nter. equ Ipment or d I ract i nt.m-.rack corm.act ions shal I be used .anl y tien I ink requ iromsnts

I cannot be met I f i ntermed late Interconnect I on boxes we used. If direct Inter-equipmsnt or Inter-rack
connect Ions are used, the heavy duty MIL-C-28876 connector Is recommended as the equipment or rack
externa I phys I ca I interface.

4.3.3 Fiber oDtle cab I e tODO I Oav connect Ionq. ma recommended approach for Inter-equipment
or Inter-rack connect 10ns Is to use Intermed I ate I nterconnoct I on boxes with trunk and Iota I cab I es
(for eXaMp la , the ah ipboard f Iber opt {c cab la top. low). Al 1 systems sha 11 be des Igned to have an
accoptabl e 108s budget (se- 5.5) for sh t pboard Imp I ementat Ions us I ng two I ntermed I ate interconnect I on
boxes between equ Ipments.

4.4 @trn. ea” Icvlent or I ntr a-rack araen i zatloq. Equlpmsnt interns I c.rg6nl ze.t Ian shel I be as
speclfled.in 4.4.1 through 4.4.3. ,.

4 .4.1 Cnble routlna within eauirl ments or rae ks

~u , ~ If ,b:;4&:b{ *~@W1. Fiber paths within equipment or racka shall be established using elngla or
Buffered fibers shall not be routed within equipment except on circuit cords (see

4.4.3). Fiber .Jp~lc cab1e5 shall be routed within equipment or racks using routing hangers or other
routing structures. me cable runs shall be routed so that they will not Interfere with maintenance
C.ctlvitles and do not exceed tlie specified ●inimum bend diameter. Cable runs shall be made with
suff Icient cable length to al low for connector replacement or repair. cable runs nhall have amplo
● laok to permit opening and closing of doors .smd slldlng of dravsrs. All cables should be fastened at
aPPrOPriatO Points to Pr.3V0nt daaaoa caused by excessive motion, bonding, chafing or plnchlng. at
h 100eS . cables nay be secured with grasshopper clips, velcro, A7v, adhesive or cable tlea If
necessary. If csble ties erb used, they still ba .djust.zd so that tha cable 16 loosely held (cable
ties that era ovar.tiohtmned wlil damage the ?lber.).

4.4.4.2 Cable rQtifr0m8~e~8~ stufflna tube ohvslcal Int erfaceq. Cables entering
●qulpmanta or recks through a stuffing tube shall not be routad throughout the equipment or rack to
araas r080ta Trom tha stuffing tub* entrenca. l’ha length of .xb Ies entering equlpment8 or rack9
throuEh a stuffing tube nhall be ■ inlmlzad inside of the equipment or rack. If cabllng 18 required
remote to thO ●tufflng tube entrnnca, connector patch panola or splice treys or holders shall be used
to provlda termlnstiens batwsen tha cabla Onterlnq the equlpssnt thrcuqh the stuffing tuba and an

,intornal equlpme”t wlrlng harness cables. ReS.JVaLIIa panels shall. be provided on the equipment near
the stuffing.tube to provide accoae to - cable tarmlnatlon area for installation and C31ntene.nce
pert.onne I . In no case shsll equipment d18asse8bly be required to retarmlnate cables entering the
equipment thrw~h a stuffing tube.

4.4.2 Internal eaulnment or rock Connect lonq.

4.4.2.1 Slnal e fiber Intern I connec tions. Single fiber Internal aquipment or equipment rack
connections shall use single fiber c%e.ctors in aceordan.ce with HIL-C-83522116 or slnole fiber

.
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sPllces In accordance with HIL-S- 24623/4. Single fiber connectors shall bfr@ed usinQ PO.* I .TOU.t ,.

adapters mounted on patch panels or ❑odule frames or shall directly mate with equipment transmitters
and receivers. Single fiber splices shall be ❑ounted in splice trays (per HfL-S-24623/4) or sp( ice
holders mounted withl” the equipment or the mqulpmmnt rmck. single fiber connectors or spllces shall
not be Iooe.ely placed lnslde equlpmant or equipment racks or held in place, with cable tl.s or safety
wires.

4.4 .2.2 !f beultifi r Internal connections. Connectors used for m.ltifibrw Internal oqulpment
or equipment rack connections shall be approvad by the Fiber Optic Program Office. This appl 10s to
card edQe connectors, dra’aar connectors or module connectors. lntarnal equlpmont or equipment rack
connect lotis. may be msde using hybrid connectors containing both electrical and optical connections.
If hybrid ccmneotors are used internal to the equipment or equipment rack, these also shall be
approved by the Fiber @tic Program Office.

4.4.3 Qable or buffered f Iber r%lno on circuit cnrdzi. Single fiber csbles or buffered
fibers shall be rmted cm circuit cards using RN, adhesives, routing fixtures and clamps. Al! single
fiber cables or buffered flbars ehall be mounted to tho circuit card at Intervala not greater than 100
❑m. The height of any part of tho single fiber cables or buffered fibers from the circuit card shall
not exceed the height of the tallest component Qn the circuit card. Suffered flbars ohall not extend
beyond the edges of the clrcult card. Single fiber cables and buffered fibers c.he.11 not be routod In
contact with circuit card components with external temperatures in excess of 85 degreas Celsius CC).
single fiber cables snd buffered fibers shall not be routed with bend diameters less than 50 mm. AnY

-.

fiber exltlng a circuit card shall be contained in s single fiber cable.

5. O=AILEO REQUISEltENTS

5.1 ~. This &tion detal Is the optical I Ink design process. The system cO~uniCatiOn
requ Iremants and system phys I ca I cant i gurat ion I nforsst i on are requ I red i n the opt I es I I ink des i Qn
process. so those aspects of the system des i on must be comp I ate before the I ink design process beo i ns.
in is sect lo. I cads the opt I ca I I Ink des Igner through the design process in an order I Y manner.
Thr.wghout the process. the Information and decisions that are requ i red In order to camp I ate the
dasign are hlghl ight.ad. 7him section addressas those decisions involved in the design of the optical . .
I ink inc 1Udi”g th. fiber tredeof fs, pass I ve component dec IS ions, and opt i ca I -to-e 10ctr I ca I and
e I ectr ica I -to-opt lea I convore ion components. Th is eact i on does not, however, address the e I ectr i ca I
c ircu It den ign necessav to support the a I ectro.opt Ica I components (for examp I e, source drive
c Ire” i ts. detector ampI I f i ars, and so forth). The trndeof fa essoc i ated WI th the use of d I f f ere.nt
cos$onents w i th i n the I Ink are d i scussed i n 5.2. m overview of the I ink dasi Qn process is given in
5.3, deta [ I Ing the system configuration and component F.erf ormanco i “f ormat i on that the I ink designer
must have eve i I ab lo during the des Ign process. Oota i I ed opt ical loss and bandwidth budgeting formu 100
are given in S.4 rmd S.5, 5.6, and S.7, respectively. Adjustments that cen be rude to the !05s budget
are d I scusaed i n‘5. S. Ra I i ab i I I ty pred i et 10ns for the standard Navy f Iber opt ic component types aro
givefi in 5.s. o*ction 5.10 describas tha fiber optic design Issues covered in the examples in
Append Ices A and S.

5.1. t ~alnabllltv considarat i ens. The maintalnsbllity considerations herein shall be
coos I dered vhen. dea I gn ing the f i ber opt I c 1 Ink.

S.4.1. I R nalr ability Throughout the design process, the des i g“ eng i naer sha I I ensure that
opt i ca I componentseare access i i I e and reps irab lo at the organization and i ntermed late I eve 18. Special
cons idorat Ion ahou Id be given to those cOE’pon6nt8 located In aqulpasnt drawers and racks as fo I I 0W8:

a. provide cab I a service reps i r I o.aps or une indirect cab I e rout In.a to Provide enouah” .
e lack for at least two recamect Ions.

b. Al I w enough s I eck In cab I a routing eo that mI n I mum’bdnd d i a9eto& are not exceeded.
0. Route cab lea to prov I de protact Ion from sharp adges and ■oving jo Inta.

S. 1 .4.2 ~oa i at 1CQ. Standardl zed components. too Is, -and test equipment c.haI I be speo 1f ied
when posa lb I e to reduca log I St I c support prob lams.

5.+. 2 ~tem eoare and rodund ant ooi I cal Dat hs. System epar Ing and redundancy requ I rements
sha I 1 be considered by the system den i gner.

S. 2 x.n.nt se I act I OQ. lhere are seven I bas Ic component trideof f e that must be cons Idered
during the opt i cal I Ink des I gn process. COWOnent requ lrO_OntS and recoomendat ions of component
selections for different apolicatlons are discussed in 5.2.1 through S.2.12.

,5.2.1 00t1c al flbw. Two stmdard flbe[ types are available for use, 62.5/125 Pm multimodo
and s i nq Ie mode f Iber. me standard w I t i mode f I bar is recommended for use un i ess tha I Ink data rate
req” I raments .we beyond the bandw Idth 1I ❑its of w I t I mode 1Inks. For h i gh data rate systems (data
rates beyond the i imlts of nvai I able LEO sources) Singla ❑ode f Ibor Is recommended. OQtlcal fibers

,,
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used in Navy tactical appl i cations shal I be in accordance with HiL. F-4929116 and tIIL-F-48ZZIi 17.
Multimode fibers used In Navy nontactlcal applications shall be 62.5/125 pm fiber.

5.2.2 Fiber .otlc cabk. Al I intercompertaent fiber optic cable used in Navy tactical .nd
nontacti.ml appl Icatlons and al I Intrmcompartment fiber optic cable used In Navy tactical appl I cations
shal I be i“ accordance with HIL-C- 65045. I “tracompartment f I ber opt ic ceb Ie used In nontact I es I
aPP t i cat I ons nay be commerc la 1 product. Cnmmerc i a I cab I os used sha I I be of a breakout den I gn and
*ha I I meet the ha loge” content, smoke Qenerat I o“, ac I d gas generat I on, and f I ame res I stance
requirements defined In HIL.C.85645.

.. 5.2.3 ~le ta rminut+ Sing 10 term Inus connectors used in tlavy tact i ca I
aPP! icatlons 8hal I be In accordance with iIIL.C-635221t S. S I na I e term I nus Connectors used In Navy
nontact lca I app I Icat i .ans may be commerc I a I product. Ccmmerc I a I Bi no I e term Inus connoctora used sha I I
be compatible with lil L. C-S3522/tS and capable of being terminated using MIL-C-83522116 connector
termination kits. Use of the single terminus connectors within a given link or location shalt be as
specified In 5.2.1S end 5.2. ft.

5.2.4 Fultl term lnun corl~. flu It i term i nua connectors used as extarna I equ I pment
connectors i n Nav tact i ca I app I i cations sha I I be i n accordance with H IL-C-28676 and the support i no
spec i f i cat Iom shae.ts. Ku It itermlmn eonmctors used Internal to equ ipwnt in Nawj tact lea!
appl Icationa, or in nontactical appl icatlons may be commaroial product. Tne use of multlterminus .
connectors for externe I connect I ona sha I I be i n accordance wI th 5.2. !6.

5.2.5 ~, Single fiber sptlcee used in Navy tactical application ehall be in
accordance with HIL-S-2462314. Single f Iber SPI icas used in Navy nontactical eppl lcat10n8 may be
commorc I a I product. co~erclal single flbar splices u5ed shal I be compatible with and Cbpable of
being tarMlnRt*d using II IL-S.24S2314 ●PI Ice termination kits. 7he use of the spllce within a given
link or location shall be as speclflod In 5.2.1S and 5.2. tl.

5.2.6 ~. TfIe fiber OptlC switches used In Navy tactical EqJPll Cations shall bo in
accordance w I th HIL-S-24725. F Iber opt i c switches used in Navy non tact i ca I aDp I i cat 10ns Uay be
commerc I a I product.

5.2.7 ~. 7he fiber optic couplers used in Navy tactical and non tactic61 appl i cations
may be commarc i al product. Commerc la I coup I ers used sha I I be housed w i th I n protective eno I or.ures or
oqu I pments. 7he coup I er external Intarface@ sha 11 be a s ingla f [her connector adapter interfaces or
single fiber cable pigtails.

5.2.6 I ntercon Ction h!ls 7he .I”tarcannect Ian boxes used in Navy tact lea I and mnte.ct Ical
SPPI i cat ions shs I I bo i~eccordanc; WI th HI L- I -24726.

5.2.9 ~osmitter tvrm an d feature.

5.2. s.l ~nnsmission wavelength. The standard Navy transm i ss I on wave I ength Is 1335 & 45 . . .
Al I tactical data I ityks shal I operata in this wavelength range. Nontactlcal I inks IMY operato In
other wave I en~th ranges, but genera I purpona test eq. I pment for f i be. optics may not be ava i I ab I e
Shlpbcmd to support ether wavelengths. Al \ 1 inks with data rates beyond 26 Hbps should uso the
etandard Navy tramn i ss Ion window.

5.2. s.2 BUltim ode fiber I I nkQ HUI tl mode systems w I th “o1ther SLEO or B-ED transm I tters are
raconmended for use aboard Navy ●hlpm. . In I inks that are marginal In pmor or bandwidth, EEd
traneml ttere are reco8mendad. In I i I@ where the transa i tter wi I I expor i once I srga tamperetu?e
vmr I at I ons. SLSP transml ttara md tonstent power contro I c i rcul try is recommended. IhO use of SLb
trannml tters Is not reeomcanded. I f LED transmi tterS do not have auf f i c i ent data ratea or cmnOt
provide n suf f iclent 10ss budget, laser trsnsm I ttera may be used. I f I riser tranami ttors ‘are used the
I aser FWHH epectra I width sha I I be greater than W nm.

5.’2.9.3 ~. For aingla ●ode fiber I inks laSOr trmsmitters em
recommended. 1t IS a I so recommended that laser transml ttors have output pmer contro I c i rcu i try. In
I Inks tiere tho transml tter .1 I I exper I once I argo temperature var I mt Ions, 75 heaters 6nd coo I ers are
a IIJO recommended

5.2.10 &uiomOnt con~.

HeawY duty n IL-C .2S87S connectors are recommended fOr stand-
alone *qu I pme”t ext.arna I Interfaces 1 ‘&b I e penetrations sha I I be used for equipment axterna I
inta.f rices on I y tien the use .af the cab I e penetration pro. i des performance or other bOnef i ts not
obta I nab I e w I“g a heavy duty connector 1.terfaco.

,.-
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5.2.1 Q. 2 Rack mounted ea uiDmOnq,

5,2.1e.2. t &ul Dnent connectlo .s. Lioht duty HIL-C-83522118 connectors ❑re recommended for
rack mounted equ Ipment opt Icn I Inte. facas.

5.2. IE.3 pack connections. E I ther a haa~ duty HI L-C-28876 connector or n cab I e penetrat I on
sha I I be US.3.4 for rack externa I f I ber opt I c connect 10.s.

5.2. fe.9.1 lnterna I rack cmneotlon s. When I“terns I rack connect ions are requ i red, I I ght
duty H IL-C-83522/16 connectors are recommended. Light duty HIL-S-24628f4 8P I Ices shal I be u$ed for
Interns 1 rack connect I ons on I y when I Ink 10ss budQet8 are not acceptmb I e us Ing a I I ght duty connector.

-.

5.2.11 Cable olant t rmln tl on%. L i ght duty H IL-C-83522116 connectors are recommended for
a I I connect Ions VI th I n lnterc%nac~ ion boxes for muI t i mode f Ibar sy8tems. Light duty HIL-S-24623/4
SP1[ces sha I I be used WI th In interconnect Ion boxes for w I t I mode f I ber Systems on IY WtIen 10s8 budgets
are not acceptab I e us Ing I I ght duty connectors.

5.2.12 ~~ eat I-*S Receivers uslno PIN diode or PINFET, detectors ore
recommended for o I I data I Inks. Receivers us Ing APDs are not recommended. Al I receivers sha I I
contain link diagnostic circuitry.

5.3 Link deflnltlon end deslan.

5.3.1 ~. ?h is Sect Ion .Jeta I Is the system and component In formst I on that is needed In
order to COMPI ete the I Ink des I g.. In some cases the requ i red in fornat i on may bn obtn i ned d I rect I Y
from the component m.snufacturacs. In other cases the in format Ion any be ca I cu Iatad or est I mated from
manuf ncturer I nfor-t I on or a rn I ated parameter. In those Instnncos when ca I cu I at 10ns from one
sect ion nre raqu I red as Input to another sect i on, the appropr I ate sect Ion from ti I ch tha Information
csn be obtained Is Identified. In those I nstnmes wlvdre the component I nformat I on may not be
ova I I ab I e, gu Idanca on how to est I @ate the va I u. of each unknovn parameter is provided or ty’p ica I
va I uos are suggested. The use of est i mated va I ues for most parameters ls not recommended except i n
the initial design procena wt’tere the general faasibi I Ity of the I ink is being determined. . .

5.3.1.1 Peslan oro cesq. Fiber optic I ink design 18 a multistage process. Figure 16 is a
f low diagram of one approach to the I Ink design process. Figuro 16 I“dleatas the Information required
and the dec Is I ons to be made at each stage of the design proces5. Other design processes In tilch
d I f forent I” I t IS I =Ond I t {O”S .ra ~ i ven and the dac is ion process is renrranoed may be requl red 1n sOme .,

cases. Regard 1.38s of the I Ink des I on process used, it may be Iterated numerous t I ❑es to compare
d i f f a rent I Ink des Igns and ova I uate tradeoffs. This section divides the Information required into
groups, each group correspond I ng to a d 1f f e.rent aspOct of the des Ig” and to a d I f f erent sect I on of
th Is document. If speclf ic evaluat ions are be Ing ❑ade (such as the end-to-end loss bud.act) . the.
squat ions necessary to perform the eve I uat i on can be used I nd I v Idua I I Y.

S.3.2 lnltl 01 I Ink de ffnltloq. Before beginning the I ink design process, thO fol lowing
system I nformat I on must be determ I ned:

(a) 71N tots I I ink I angth (or the I engths of a I I the sect I ens)
(b) the types end number of pass I ve components I” the I Ink (for examp 1.3, the number of

connectors, 8P I I cos, switches and so forth, i nc Iud Ing any components 0 I lowed for
repair situations).

(c) 7%0 general layout of the I Ink Inc Iud Ing the order of conp.anenta end the d I stances . .
botveen components.

(d) The I Ink data rate, data format (Manchester, 4B/5B, end so forth. ),, end requ i rod BER.

Af tar the I n I t I n I I ink In forme.t Ion has bean determ Ined. the fo 1Iwing choices must be made:

(e.) TIM f I bar type .
(b) The opt I cal transmlttar centra I wave I ength.
(c) mO type of opt i 08 I transmitter (ELEO, 5LE0, I aser).

.,
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5.3.3 Peslan ev~.

5.3.3.1 khan the Initial link definition Is complete, the candidata design Is
evaluated to determ in; I f a~y distortion I Imitat ions exist.
budgat lng.

lnls Ia. accompl ished through diatortlon
In order to calculate ths ! ink distortion budget, the rol lowing Information must be

obta I ned:

(0) The zero dlsperalon Wavolangth of the fiber (E IAtTIA.455.188 or EIA\TIA.455. i75) or
Its numerical aperture (E IA.455 .177) (see 5.4.3.4.3).

(b) 7he dlsporslon slope at the fiber zero dispersion wavelength (E IAITIA.455.488 or
EIA/TIA-455-175)

(e) TAe root mean c.quare (RH3) or FWHH spectra I w i dth of the opt I ca I sourcol transm i tter
(E IAITIA-455 .126 or EIAIT IA-455-127).

(d) 7he modal bandwidth of the able or the Mlnimun specified nodal bandwidth of tha cable
(EIA/TIA-455-3CI or EIA/TIA-455.54) (m.ltimode fiber only).

(e) rna sourceltrnnsmitter 10 to 98 percent rise timo (E IA/TIA-528-4).

After the distortion budget is calcule.ted, the fiborlcable exit bandwidth IS compared to candidate
rece i vor Input bandwidth roqu 1raments nnd acceptab I e race I vers ara i dent i f 1ed. I f thn manufacturer’s
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receiver s$mcif i cat ions are not known, the f Iberlcsble exit bandwidth can be evaluated using QenOrnl
fiber optic design rules.

5,3,3.2 ~, After the link design has been evalua;ed for distortion limitations, it Is
evaluated for opt ica I power I.ags I iml tat ions. Thi6 is acc.mpl ished through loss budgeting. In order
to calculate a 1ink optical loss budQet, the fol lowing in format Ion must b. obtained:

(a)

(b)

(c)

(d)

[e)

The speclf lad cable attenuat Ion rate for a restr Icted launch canditlan (E IAITIA-455.46
with EIAITIA.455.50) at the nominal wavelength of operation.
TYPical cable transient IOSS data fOr the owerf i I led Ie.nch (oFL) eond it ion (see.
section 5. S.2.2. !) at the nominal wavelength of operation.
The specified loss of each connector, SPI ice, attenuator, or Switch path In the I Ink
for e restr Icte.d launch cond it Ion (E IA IT IA-4S5.34 Uathod B) at the nomlna! wave I ength
of operation,
me specified loss of’ each connector, SPI Ice, attenuator, or switch path in the 1Ink
for an OFL Ieunch condition (E IAITIA-455-34 Hethod A) at tha .O.lnal -velenoth Of
operat Ion.
Tho specified loss of each passive branching device path In the I ink (E IAITIA.455-180)
for both the restricted and OFL launch condlt Ions at the .Ornlnal wave length of
operat Ion.
The specified loss of any other component in the I Ink for” both the restricted and OFL .
Iaunch cond I t i ons at the nomIne I wavelength of operat i on.
The speclfl Od avareoe output power of the source ltrans.ltter.
The typical coupled power ratio (CPR) value of the sourceltransmltter (see appendix A)

(f)

(0)
(h)

NoTE: me cabled f Iber a%tenuatlon and the cabled f Iber transient 10as LIenO,Ol IY arO nOt be the sama
as the precab I ed bare f I ber attenuation or the preceble.d f Iber trans I ant loss.

NOTE: In this document the loss of a fiber optic component does not Include the losses of the
connectorslsp I Ices requ i red to cOnnOct that component Into the I Ink. Tne connectors ISP I Ices used to
connect fiber optic components into the I Ink should be identified separately from the components that
they are connact ing.

In calculating the loss budget there are @ number of correction terms which may be Included. TO
ca I cu I ate these ad justmente, the above In format Ion Wet be SUPPI emented with the en I cu I ated
flberlcable exit bandw!dth (see 5.4).

The I Ink loss budget Is calculated for the maxlwm loss situation and for the ❑inimum loss situation’
(for appl icati.ns wtwre the actlva devices are to be used with cable plants of dl fferent lengths or
comp Iex I t I es). Once tho ❑I n I mum and maximum I Ink 10ss budgets have been ca I cu I ated, the Power
ava I I ab I e nt the race i ver can be Comparad to tha canal i date race Ivers’ average aens I t I v it ies and
max I ❑um averege Input opt I ca I power I eve Is at the des i red SER and the I ink receiver can be so I ected.

I 5.3.4 Link vinbillty. At each stage of the design Process there aro numerous declnlons to be
made which ❑ay affect the viablllty of the Ilnk design. If, efter the distortion and I Ink loss budget
calculations are complete, no receivers are found that wi I I meet the I Ink roquiremmts, the 1 ink

~
designer should reconsider earl Ier component declslons.

5.4 Wtorti O“ budaet h.

5.4.1 ~. This section doteils the Calculations for determining the fiberlcabl? exit
bandwidth as wel I 8s the total fiber optic I Ink bandwidth. This information Is compared to the fiber
optic receiver input specifications or to optical I Ink requirements to determine If distortion
I Imitetl.ms exist. This I“formatlon can also be “5ed to cslcul ata I Ink loss budget correction factors
for distortion effects (s00 5.8.2 and S.8.3). Onl Y tho ?lbO? optic transmitter. oPtlcal ceble, and
fiber optic recolver tare Included In calculations for the total optical I Ink bandwidth. The effects
of my othor componfmta on I Ink bandw I dth ara neg ! 1g I b !.s and, except for extreme cases, tend to
increase the measured bendw Idth. (The d I scrote I Ink component ? I I ter out h I ghor order modos In the
I ink, causing 8n Increase In the ❑easured bandwidth. ThOr’3f0ra, lgnOrlnE their effect is a
conservat tve approach. ) Throughout this standard, al I references to COmpOnOnt r ire tines ref .r to the
10 to %2 percent r I se t I ●e of the component when st iau I nted w I th an input step funct I on. The
btmdw’ldth .sro speclf Ical Iy referred to as either a .3 dB or .6 dO bandwidth measured in the electrical
domain. Re tat Ionsh i PS between commonIy SPOO1? I ed parameters for each of the components ara i dant I f I ed
to he I P convert manuf acturer, s 1nformat Ion into the proper f Orm. In each equation the units of each
var i ab 10 are stated. I f the =nuf acturer, s Information i 8 In un I ts other than those stated, the
i “formation must be e.mverted to the stated units before the equation ls used.

S.4.2 Fi ber ovt i. transm I tters. The .f Iber opt Ic transmitter distort Ion Is general IY
spec If led by the transmitter’s 10 to 90 percent rise time. If the transmitter dlatort Ion is speci f led
by the transmitters -3 dB bandwidth, this bandvidth can be converted to a r Ise t I me assuming that the
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transmitter has an exp.anontinl time response. llwa rise time associated with the -3 LIB bandwidth [a
Qivan by

~ . 0.35
.

B%(-3I
(1)

wtwre t, Is the transmitter r 1s0 time (in seconds) end w is the transmitter bandwidth (In Hz)

5.4.3 optical Ceb IQ. Tne optical fiber may cause distortion of the optical signal In two
ways In a Iuult Imoda f Ibar each different mods has .3 al ight Iy dl ?fere”t group velocity, so that
re I at i ‘s0 de I ays are introduced between d I f ferent modes at the f Iber output end. Th I a type of
distortion, call Od multimode or r.odal distortion, ls characterized by the mods I bandwidth of the
Instnl led cable. Hodal distortion affects only multimode fibers. The other distortlve effect
introduced by the fiber is caused by the relative delays experienced between different wavelengths of
light St the fiber exit end. This type of distort Ion ‘arises from several factors and Is cal lad
chromat Ic disperalon. The chromatic dispersion {s dependent upon the actual shape of the f Iber opt ic
trmnsm I tter opt I ca I spectrum and the f iberss response to th Is spectrum. chromatic’ dispersion affects
both single mode and multimode optical fibers.

5.4.3.1 F al d~1 . The modsI bendwldth reported by the f I bar
0? cable 190nUf8Ct”rOr (E IAITIA-455.38 or EIA/TIA.455.51) Is de fl”ed 8S the .0 dB electrical bandwidth
(.3 dB optical bandwidth). General IY, the Instal led cable modal bandwidth Is not measured. It maY be
eat I mated f ram the cab I e manuf acturar Ss warm I i z.ad ❑ods I bandw I dth date or norms I I zed mods I bandwidth
❑inimum speclflcat{ons as

BW
BWm(-6) = ~

(Lc)’
(2)

where SW.,.,, Is the estlmatad cable modal bandwidth in hertz, S!& is the nor-l Ized cable modal
bandwidth (.6 dB, in Hz. km), l-. la the inotal led cable len@h (in km). and v Is a length scat Ing
factor. For d If forant cab I es v ranges between 0,5 and 1.0 (the cab I e manufacturer may pro. i de, upon
request, a recommended value of v for their cable). If a Val UO Of Y is 00t available a VOIUe Of 1.0
shou I d be used for I engths greater than 1 km and a va I ue of E. 5 shou Id be used for I ongths I ess than 1
km.

5,4.3.2 QI o atlc dl*Q*r [WI. Chromatic dispersion Is commonly divided into two typesz first
order chrc.mst i c d I s~e;s i on and se;ond order chromat I c d i spars I on. At wave I engths far from the f I ber
zero d Iepere ion wavelength, &. f i rst order chrornat i c d i spars I on effects dominate the overa 1I chromat I c
dispersion. At wavelengths near ~, Second order chromatic dispersion of fecta dominate the overal I
chromatic d I spors i on. Regard I ess of the system wave I ength, both the f I rst and secOnd order chromatic
dispersion terms should be calculated to dntermina their effact on the Ov!ral I I Ink distortion.

5.4.3 .2.1 Fir*t or dor chr at ic dlsDers ion I f the f I ber opt I c transm I tter I a assumed to
have a Gaussian 8p.sctrum, the f lrs~ordar chromatic” dispersion impulse response is Gauasian (see E.3e
for mora i nf ormut I on) end the r I se t I ❑a, L, ( 1n mconds) , assoc I eted with f I rst order chromat I c
dispersion is given by

tdl = 2. 6 C3ADL= (3)

where % IS the f Iber optic transmitter RIM spectral width (In n.), D 16 the fiber dispersion et the
fiber ciptlc trans.lttcw center wavelcmoth (In slnm. km), a“d ~ Is the Imtel led ceble length (In km).

5.4.3 .2.2 9ec0nd Ord*r chromat Ic dl Der I If the f Iber opt I c trnnsml tter Is asoumed to
have a Gauss I m spectrum, the second order c~rom%~” d i spers I o“ impulse response {s a eadi f led
exponent I a I end the r I so t I ma ~ (In Seconds) assoc I a ted w I th second order chromatic d 1Spers I on, 18
given by

tcd2 = 1.4 [S + 2D/A=) 0&2 L= (4)

wtmro c, is the f Iber optic transmitter RN9 spectral width (In nm), 6 Is the f Iber dispersion at the
f Iber c.pt!c transmfttar center vavele”gth (in slnm. km) , L Is the Instal lad cable length, S is the
dispersion slops at the f Iber optic transmitter center wavelength (In s/n!d. km) , and & Is the f Iber
optic transmitter canter wavelength (in nm). Additional Information can be found In 6,3d and e.
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5.4,3,3 ADDroximat [0.s. If come of the information required to calculate the first order and
second order chromatic dispersion (in slnm. km) is not known tine following epproxlmnt ions can be made.
The fiber dispersion and the dispersion slope (in Slnd. km) at the fiber optic transmitter center
wavelength can be calculated as fol lows:

1[ )1
4

D=~Acl -
&

A=

1 [)1

A&
s=:l+3f

c

(5)

[6)

where & Is the zero dlspermlo” wavolcqlth of the fiber (in rim), 3. Is the dispersion slope et the zero
dispersion wavelength (i” slnti. km), and & Is the center wavelength of the fiber optic transmitter (in
“n)

5.4.3 .3.1 Gent*r W al. noth If the center wavelength of an LED transmitter Is not known, it
may be approximated using th~ .%HI1 corker wavelength (in na) as follows

.Ac = A_ - 7z2m (7)

where the 7 nm ;h I ft Is .i ntroduced to take into account the non Gaussian shape of the typ I ca I f I ber
opt i c tranam I tter opt i cal epectrum, For I aser sources the ccmter wave I ength is approx i mate 1y equal to
the FUHfl center wevolength. Additional information can be found in E.Sf.

5.4.3 .3.2 Source RflS snectral width. If the source RHS sPectrnl width is .ot kno~, It -w
be approximated (essumlng a Gauss la” optical spectrum) using the FkHH spectral width (In nm) as
follc.ws:

aFIL.M0A=5 (s)

5,4,3,3.3 @.ro diso erslo” wavelenat h. For typical optical fibers (garmanla doped silica). If
the zero dispersion wavelength (In m) of the fiber is not known, but the fiber mimerical aperture is
knswn, the zero dispersion wavelength may be estimated using the following ralntlon

Ao= 1221 + 426hz4 (9)

where NA is the fiber numerical aperture. The fiber numerical aperture can be obtained from the fiber
manufacturer or ca” bo approximated by using the specification value for tha fiber. If the dispersion
slope at the flbor zero dispersion wavelength Is not known a valuO of 1.1 x 1S’” slnti. km can be used
for multimode fibers and a value of tl.7 x lQ” S!nd. km can be used for single-mode flbars. Additional
Information can be found In E.3g.

5.4.4 Fib r ODtic recOlv we. The fiber optic receiver, dlatortlon is gnnerally specified by
the recaiver 10 tOe W3 percent rise time. If the distortion Is specified by the -3 dB bandwidth, this
bandwidth can be converted to n rise time assuming that the recolver has a raised cosine frequency
respome. The rise time associated with the -3 dB bandwidth 18 9iV0n by

~ = 0.35
r BW=,”.3)

(10)

where t, is the fiber optic receiver rise time (in second$) e.d ~GU IS the fiber OPtic rOcOlver ‘3 dB
bandwidth (In Hz). Additional information can be fOund In 6.3d.

5.4.5 svstnm rise tlm e nnd bendwidth. The fiber optic trrmsmltter, receiver, fiber ❑odal,
first order chromatic t,nd sneend order chromatic distortions are effectively independent. ThO.OfO?*.
the RflS widths of the components’ Impulse responses may be added in a MS fashion and converted to
bandwidth and rise time. If this is done, the result gives the total optical link or system rise
time. It is given by
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t= = ‘12c)2+c@2+(+)2+(*12’(0g4’r’2r‘“)
where t, 18 the total optical I Ink or system rise time and the other variables are defined 8s before,
The total optical link or system -3 dO bandwidth is given by

‘wr;-3)‘[&)2+(*12+(*)2+(052:w.6)2+[a121’‘(’2’
wttere al+{,,) is the total ootlcal link or eystem .3 dB bandwidth (In Hz) and the other variables aro
deflmd as bafore. For single ❑ode system calculations, remove the modal bandwidth term from each of
the above equations. Additional In formatl.m can be found 1“ i3,3d.

5.4.6 Fiber/ cable ex it rise tim e mnd bandwidth.
bandwidth, SW,,,.,,

If the fiber lcable mxit rise tlmo, <,, or
Is bel”g calculated, remove the tarm for the receiver from equations 11 and 12.

5.4.7 PDDlvlna th n ea.atlons. The above equations can be used in many ways. During initial
Il”k desl~”, these equations can be unod to conduct tradeoff amlyses fop different trmsmltter,
~OCeiVer 0, fiber choices (s00 5.3). If the link design utillzes ❑ previomly installed fiber c.otic
cable plant or pravlwsly obtained fibnr optic transmitters and recolvere, the eb.ove equations can be
usad tO datermlm the req”ireme”ta for the ““determined co~onenta ef the I Ink, evaluate the
suitability of my proposed link Components, or evaluate the suitability of my component chan~es In
the Ii”k,

5,4,7, i ~valuatl oil of the “Iabllltv of link construct i on. Host fiber optic recelvor
manufacturers dofim a specific maximum input rise time or a ml”imum Input bandwidth required for
proper receiver operation. In this case, the above eqw!tlom allow the Calculatlo” of either
fiborlcablo exit bmdwidth or rise tlmo to evaluate the vlabllity of the particular link desi~”. If
the calculated fiber lcable axlt bandwidth or rise time Is not, adequate for the system receiver, the
fiber .aPtlc tra”smltter Central Wzwalemgth, spectral width, or the II”k Ie”gth (If possible) should be
changed to allow proper opnratlon. Proper operatlo” in somo cases is accompanied by a requirement for
0 slightly higher Input pcwer level to the fiber optic receiver. mis effective change In tho fiber
optic rOcelver sensltlvlty as a fumtlon of tha flberlcable exit rise time or bandwidth is referred to
as the diaper sion, powar penalty and is described in 5.8.2.

5.4.7,2 @ e~ stort IOrI. In those cases WtWre either the detailed fiber
Optlc receiver Information Is not knm or the ganeral use of a fiber optic link Is being evaluated,
gemral dle.t.artion design g“ldelines based on classical communications theory ce” be used to Identify
bandwidth Ilmitntlons. Usln.a the Nyqulnt criteria, the minimum channel .3 dB bandwidth must be at
Ie.ast one-half the link beud. 7hls lower limit for the It”k .3 dE bandwidth does “at tmke into
acco””t ❑any errors tilch nay be Introduced 1“ the I Ink dua to timing and phase distortions, A more
Conservatlvo approach is to raquire the total optical link .3 dB bmdwidth to be greater thm 0,7 of
the Ilnk baud. 7hat is

Bwr, -3, > 0.7 baud
(13j

2 0.7 Ebit rate

.. . .

.. . ,,

where w{,,) Is the total optical Il”k .3 dB bandwidth (in Hz) and the Ilnk baud Is equal to the bit
rnte Iuultipl led by the Ilnk-s bit rate to baud emver. icm factor (E). 7he conversion factors for some
tYPICal dlgltal coding for@at8 are given In tablo V1. If the above total optical Ilnk -3 dS bandwidth
Is equally allocated batwee” the fiber optlo r.calver end tho rest o? the Ii”k Componmtn, tho !nInimum
-3 dS bandwidth (1” Hz) for the fiber optic receiver and the ml”lmum flberlcabla exit electr!oal
bandwidth IIre given by

BWr(-3) = BWm(-,) = baud (14)
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Table V1. pit ra te to baud conversion fOCtOrX.

Digital Coding Format I E
NP.2 (level, mark or space)

R2 I “:
Manchester 2

R3-PPH (pulse position) 4
R2-PDM (pulse duration) 3

Biphase (Iev; ;ilrk or space) 2
2

NR2 Blpoler I 1wBipolar 4
Bloolar Atll (alt mark Inv) 4

5.5 ko$s budaet.

5.5.1. GQO.IW. This section dstnlls methods for the calculation of a loss budget for a
f!ber optic link. These methods allow a system designer to evnlumte the traoeoffs between the system “
length, number of connectors, cable loss, and different transmitter and receiver combinations. The
purpose of a loss budget .18 to ensure that sufficient optical power Is delivered to the receiver over
the anticipated Ilfe of the system.

5.5.1. f pas I c 17nks. lhe most basic fiber optic Ilnk is a point-to-point link Consletino of
a transmitter, a receiver, and an interconnecting optical fiber. All fiber optic systems can be
broken dawn Into sets of point-to-point fiber optic links. Figure 17 Is a schematic diagram of a
point-to-point fiber optic link. (The diagram is gemrl. In nature and Is not intended to b. a design
recommendation or representative of any particular installed !ink. It is iritended to aid in
describing the 10ss budgeting process by showing common fiber optic compononta end their possible
configuration In a link. ) Although Indlvl dual point.to.point links are considered for analysis, tho ‘
overall fiber optic topology may contain branching devices such as splltters and switches. If this is
the case, then every possible transmitter-to-receiver fiber path must be modeled a5 a point-to-point
link in the lose budget process. M optical transmitter, receiver, mltlflber cables, Jumpar cablee.
connectors, spllces, and m other passive devlca. comprise the system In figure 17. It Is assumed
that the transmitter optical output 18 located at a connector. Llkowise, the rOCOIWr OPti Cal InPut
is assumed to be located at a connector. Tne link may include jumper cab18S for Interconnection
purposes, such as interconnecting a transmitter to a cable at a patch pamal. l?mre msy be one or warm
multlflbnr cables Including local cables and trunk cables. The other passive device. can represent
an optical switch, coupler tsplltter, wavelength division multlpleXOr (WDH), and so forth. ThO total
length of each multi fiber cable, the total length of the iu.Per cables. the tOtel umber of sPlices,
the total number of connectors, and the total number of .othar passive devices. must be known in order
to d.atermine the loss budget.

Junper

Connectfx *licss CsM

~JJ-’=’fizi--’’&E
‘L.JLJ .L

FIGURE 17. FI ber .C.t I c Svstem schematic.
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5.5.2 G~ remeter The mariufacturers should provide attenuation values (dB/km)
for any jumper ca~le8eand nultf fiber cables, loss valu9s (dEI) for the discrete components, the

.,. ,

trrms, mltter output Power (dBm) , and the receiver Se”sltlvlty (dB.) The provided values should be
represmtative .37 current productlm md should be measured i“ accordance with the !01I itary
spec I f icnt ion for the component. The values may be either worst case values or the mean end standard
deviation of a large population of components.

5.5.2.1 ~. For single mode systems, the values of ceble attenuation
(E IAITIA-455-78) , Intercmmctio” device loss (E IAITIA-455-34) , and passive device loss (E IA/T IA-455.
180) Should be providod, Values for the comwn Navy flbar optic cmpcm.mts are give” 1“ table VI 1.

Table VII, N s~ loss W31”es.

Loss va Iue
Component

flax I mum Haan Standard
Oeviatlo”

Cable (d8/ko!) 1.0 9.7 e,t

Light duty 1,0 0.65 0.1
Connoctor (dB)

Heavy duty 1.0 0.65 0.1
connector [dB)

Splice 0.6 0.2s 0.1
(untuned) (dS)

Splice (tuned) 0.2 e.1
(dB)

0.05

S. S,2.2 l!@tlDOda c non ..ts. For multimode systems cable nttenuatlm values (E IAITIA-455.46
with EIAtTIA.4SS. SO) a“d typ%l cable trmslemt loss data (sao section 3 .1.1 and 5.5.2.4) should be
pPOVi ded In nddltlon, values for both rmtricted launch conditions (E IAITIA.455-34 Hothod B for
Intc.rcmnectlm devices, or EIAITIA.4S5.480 for passive brmching devices) and overfill launch
cmdltlms (E IA! TIA-455.34 Itathod A for Interconnection devices, or EIA/TIA-455-180 for passive
branching dwicm) should be provided for the passive components. Som Vai UeS for the COMMO”“aVY
fiber c.ptlc components are given in tebla VIII.

Table VIII, yaw multimode ecmmo.ent loss values.

L08s vnlue

Componemt Statistical (sea Note 1)
nax I mum

Overf I I I Restricted Standard
mean ❑ean De. i at ! .3.

Cable (dB/km) 2.9 Note 2 1.3 e.z

Light duty 1 .e e.40 e,zs 0.2
C.a””ector (dB)

Heavy duty I.0 0.00 e.4e e.~s
Comector (dB)

Spllcm e.e e.3 e.z e.f
(untuned) (dB)

Sp I i ced$uned) 0.2 e.e5 e.os 0.05

Switch (dO) e.e en e.4 0.4
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NOT3 t: The 9t.9tlstlcel numbers reported are preliminary estimates. Final etmtistics
wI II be Incorporated into future revlslons of this standard as they are
available.

NOTE 2: Cable atte”uatlo” values are always reported for a restricted launch
condition.

5.5.2,3 ~~ The loss of a componcmt in a multimode link
is dependent upm the hods Power Oistrlbution (HPO) (E IA..32-3) of the s.aurco, the Component. s location
In the link, the types of components which precede It In the link, and the Componentns own HPD
sensitivity. The loss vnlues provided by component manufacturers do not account for these
depend.ancies, Furthermore, thes~ dependencies are complex and not easily predictable, The proeodures
outllned in this document trike these depmdancles Into account end provldo a means of predicting
multimode Ilnk 10ss performance.

5. S.2.4 ~nnsient I 0ss If the link source substantially overfills the fiber, the fiber may
exhibit a transient loss. A convenient way to handle this effect Is to include a single term in the
design oquatlom to acmwnt for this additional loss. The term Is called the transient loss mnd Is
represented by the letter T. Upon request, the cable manufacturer ❑ay provide typical or wor8t case
trfmsient loss values for specific cabla c.mstructims. If no transient loss information Is
available, the transient loss for the link cm be estimated “sing Figure 18. me upper curve i“
Flg”ro 18 represents t~lcal worst csse trensient loss values. The lower curve in Flg”re 18
represents typicel ❑ inimum transi.mt loss values.

L I
“. . .

L.”.u! #”., ‘“

Figure 18. Typical mtical cable -hat mm

5.5.3 F rat caSO deslm For the ■ost conservative link loss design, a worst case design
should be per for~ed “Si”g .werfiil loss values for all of the past.lve ccmpone”ts and the worst case
tra”s iant loss of the cable. For simple Ilnkn the use of the 6 dB Safety margin (see 5.5.5) yields
the most Conservative design. Far Gc.mplax llnks the use of the 3 dB e.e.fety mmrgi” with the calrmlatod
envlr.an.ental margl” yields the 8ost conservative design. Tne wmrc.t case method In based on the small
probsblllty that the wmrst casa eompommt loss valws for all link components has occurred
slrmltamously in a single Ii”k, 1“ ❑oat cases the worst cese epproach will greatly overestimate the
total link loss.

5.s.4 Wnch co dltlOn c rre ted h 8Mo llw total 10ss of a multlmode fiber optic link Is
beat estlmsted by using !OSS valu~s t& sr~ bet&n s restricted Iaumh condition loss value and the
OFL loss value (Addltl onal information can be found in 6.3h. ). mO exact value of this 10ss number is
dependent “PO” the mode v.a I U.O oxo I ted by the source, ths comp 1ax i ty of the I i “k end the a? f act of
each component on the mc.de vo Iume. mia 10ss V8 I“e is expressed 8s,

L= = Lx{& + ~(Lx[aru - Lxmcs) ) (151’

uhera L.w, is the comp.anant over f i I I loss va Im (in dS) , I_.w,, is tha e..ampa”ent restr icte,d I a“nch
condlti.an loss valuo md K is a c.onstent which can have a value betwem e nnd 1 A K value of 1
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indicates that
emitting LEDs,

the Ilght source tends to fill ❑ost of the fiber modes end Istypical of surface
A K value of 0’,8 indicates that the source does not fill same of the fiber hlaher

order rondos anti is typical of some edge emltti”g LEDs. A K value of 0.0 Indlcatos that the s~urco
only fills the lower order modas of the fiber snd Is typical of lasers. The value of K that should be
used can be determined from table IX If the source CPR value Is known. The source CPR value Is
defined es the difference (In d8) between the total source power launched Into the multlmode fiber md
the pewar Launched into thO low Ordsr modes of the multlmade fiber (sea Appendix A). If the source
CPR VOIUO is “Ot kno~, a K “~f”a of f should be used,

Table IX. ~mcommended value. of K.

Source Source CPR K I nc I ude
We.el.mgth (rim) Value (dB) Transiant?

II 1 , II
Oto?. e 0.0 no

7.+ to 14. o 0.3 no

S50 14.1 to 21.0 0.6 no

2t.1 to 25. o 0,8 yes

25.1 to 20.0 1.0 yes

o to 7.9 e,o no

7.1 to 12.0 9.3 no

1313Q 12.1 to 17.0 0.6 no

17.1 to 2f. e 0,s yes

21.1 to 25.0 <.0 yes

5.5.5 ~stical dea m. Tne statistical 10ss budget ❑ethod considers the probabilities of
the worst case loss values for all link components occurring simultaneously in a single
transmitter-to-receiver ilnk. Each link component is modeled es a normally distributed random
varieb le. 7he statistical loss budget method should only be used for complex links. Tim total
passive Component. loss is equal to the summed mea” component losses plus a multiple (X) of the fOIS sum
of the components< standard deviations, The value of %used ca” be correlated to the degree of
confidence that any transmitter-to-receiver section wI II operate properly. Table X indicates the
level of Confidence In a Statistical design USI”Q specific multiples of the standard de. iatl.m. For
ell Navy applications a minimum value of 2 shall be used for X (a 2 sigma statistical de8i Qn). If the
statistical budgeting method Is used, a calculated em. iron.nfmtal power margin shall be used.

TAOLE X, con dfi en.m levels for statistical doslans.

value of x Confldenca Level

* 9.a41

2 0.977

3 0.999

5.5, e ~ For worst case design, the worst case loss value Is used for the
component loss and a zero is used f;r the component loss Mandard deviation in the design equation for
each link, component. For statistical design, the ❑ean (v) and stendard devlatio” (o) of the loss
values are used in the design equatl.an for each I ink component. If statlatical values for a component
are not available, then the worst case loss vmlues maY be used for that component, The 108s budget
equation is:

O< Pr-Px-M-T-A-IIE’- l~x - l=(PC + PA) -“ N,-#m T N#~ - N,#O

-[

(16)
II

X 0=2 + 0R2 + 0E2 + ( Iram) 2 + ( 1=0=)2 + N#m2 + N~S2 + NO002 2
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Wilere :
P., CT = me ❑ean and standard deviation of the transmitter outPut power (dBm). Aging
and temperature effects may be accounted for in the mean and standard deviation.

P., .%= no nean and standard deviation of the receiver sensitivity (dBm) required to
achlove the daslred blt error rate or signal to noise .ratio. Aging and temperature
effects may be accounted for in the mean and standard deviation. (In some CIJSOS the
receiver sensltlvlty may be defined In terms of a worst case distorted I?p,ut signal.
If this is the case the dispersion power penalty (see 5.8.2) should not be Included In
the loss budget e.quatlon).

H = Safety margin (dB) for unexpected losses. For Nm.y mm tactical appllcntl.ans a
value of 3 dB shall be used, For Uavy tactical applications a value of 3 dO shall be
used if an environmental margin is separately calculntod (see $..S). If an
environmental margin Is not separately calculated, a value of E dll shall be used for
Nawy tactical applications.

h, Q = me ❑ean end etandard deviation of the environmental margin (dB) for ndverse
operating conditions (see 5.6).

A . Tho sum of all of the adjustments (dB) to the link loss budget including power -
penalties asnoclated with specific system designs and the allowance for future
upgrad ino. (higher bit rates or wavelength division multiplexing) Including additional
component losses as well as any additl.mal pdwer penalties (see 5.8.!, 5.8.2, 5.8,4,
5.8.5, 5.8.6 and S.8.7).

T = Transient loss (dB). 7hls term accounts for the higher fiber loss asmclstad with
the Ieunchlng of power into higher order modes by some link sources.

I* = rne total jumper cable length (km).

11=, .s=, = The wsn end standard devlatlon of the jumper cable attenuation (dB/km). .

1. = The tOtOl multlflber Cable length (km). Th18 value may include nn nllowanc.a for
cable repair or rearrangement.

u,, CA . The ❑ean and etandard devlati. m of the multlflber cable attenuation (dB/km) at
the transmitter, s nominal center U3velength. o C.hould Include nn allotrWICO for the
auppllerss loss measurement uncertainty.

II. = The -xlQum dlffOrence in the mean cable attenuation (In dBlkm) from the
manufacturer. s measured value over the trnnsmltter’a center wavelength range. (The
cable nttenuatl.m will tend to be higher at one end of the transmitter Central
wavelength specification range than at the middle of the range. )

N- = me total number of connectors.

Vm, % E The ●ean and standard deviation of the connector loss (dB). For connectors
which will be mated and donated repaatndly these valwari.should Include the deQ?.sdat iOn
in loss expected over the Ilfdtlme of the connector.

N, = me total number of SF.I ICeS.

II,, % = The .e,m and standard deviation of thO”spllce loss (dB).

N, = The total number of ‘other passive d.avlces- of one tyw.

II,, .+ = The ❑ea” and standard deviation of the ‘other paSS1.e device” 10SS (dB) For
switches tilch will Oxparience repeated state changes these values ehould Imlude the
degradation in 10s5 expected over the Ii fntlmo of the switch.

I
In Calculating the minimum Ilnk loss t.a evaluate possible receivar aaturatlon, the same aquatlon .s
ahoun in equation (18) IS Usad. tlonevar, the receiver eenaltlvlty, the safety msrgl”, transient loss,
adjustments, the environmental margin and tho standard deviations of these terms should nOt be
I nc I Uded. Additionally, the multiple of the remaining standard dovlatlons 19 added so that the
equation becomes

I

I
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P_ 2 P* - l.#x - l,(llc) - N&m - ~,.+s - IJo

(17)

- x [0,2 + ( 1“=0=) 2 + ( 1 =0=) 2
~:

+ N,#m2 + N.#~2 + NOCJ02 2

where al I of the variables aro defined as In equation (16).

5.5.7 Stqt Ist ical assume.tions. I f the statist Ical design method Is used, the fol lowing
assu.npt ions are Inherent i n e.quat I o“ 16:

a. Al I spl Ice losses are umxrralated with fiber losses.
b, l%e averages and standard deviations are representative of the products over time and

samp 18 s I zes era Suf f Ic lent to warrant the use of Gauss inn stat I St I m I thfmry,
c. The product d I Str I but I ms are roasonab I y Gauss I a“ i” shape. That Is, they are wat

severe Iy truncated, skewed, and do not have Iarge kurtcm is (thicker th.m Gauss i en at
the extremes) For I Inks with more than a few elements, the I Ink loss probabl I Ity
d Istr I but I on wI I I approach Gauss I an’ regard I ess of tho shape of the product I oss
probebl I Ity distributions.

5.6 gnviromhent a I /therms I con$ i derat Ions. In general , the I Ink loss budget Is affected by
the env I ronments that oe.ch of the components Is subject to. These e“. I ronments may I nc Iude extreme
cond I t Ions of temperature, bending, shock, v i brat ion, or radiat ion. other env I ronmmts may be presfmt
in speclflc applications,

5.6.1 Standard env I rmmentq Degradat i ona that can be expected of the Navy standard
components In a worst case Navy envi;omsntal scenario (excludlng radiation) are I Isted In table Xl.
Fiber optic transmitters and receivers are mt I istod because their performance spoclf I cations should
be stinted for al I conditions. If the I Ink design Is to account for rediatlon, see 5,8.2, The effects
of adverse en. I ronmmts on the I Ink pass I ve coapon.ants can ba Incorporated i nt.a the I i “k I oss budgat
by Including the mean or max I mum I nducod degradet I on of each component for each en. i ronment In k and
Including tho standard devlat lo” of that degradatlo” in ~ (see equation 1S)

5.6.2 PuclrJ ar radlatioQ. The presence of nuclear radiation may cause the total I ink loss to
Increase, 7hie Is due to the increase In the fiber attenuation rate (fiber darkening) and the
Increase 1“ the 1.38s of any lenses present in the flbe? optic I ink. Tne amount of the attanuat I on or
loss i ncrnase i n the fiber or I enses is dependent upon the tots I dose of red I at I on reca I ve.d, the dose
rate of the exposure, and the temperature of the Compommt. Radlatim also affects the I Ink active
components by reduc I ng transml tter output power and docreas Ing rece I ver sens I t i v i ty, I n those I inks.
where rad fat I on ls expected, the trfinsm itters md rata Ivers she”{ d be protected from the rad let i on so
that o“ Iy pass I ve Compments tire af fectad. If radlatlm Is a consideration In the design of a
part I cu I ar I Ink, the F I ber Opt I c Progrem Off I ca shou I d be contacted to determ I m the appropr I ate way
to Include the effects of radlatlcm In tha I I“k 10ss budget.

TASLE XI . ComDonent env I ronnente 1 dearndat ion Vectors,

Env I ronmenta I Derat I na Fmctor (dS)

F I ber Opt I c Component nu I t I mode Single mode

Hean s Igma Hean S I gma

Cab I e 1 .3.5 0,45 1.35 0.45

LI ght Outy Connector 0.25 e.e8 Note 1 Note 1

Heavy Outy Connector 0.25 9.9s Note 1 Note f

eplic~ 9,1s 9.95 0.49 9.95

switch 9.35 9.12 Note 1 Note 1

Note t : Va Iues for these components pro not ava I I ab I e. Contact the NAVSEA Fiber Optic
Program Off Ice for recommended va I uos.
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I
Total onviro.mental maraln.5,6.3 Tho mean and standard deviation of the total

❑argin are given by:

lpc + N&m + NPs + N&-Io

env i ronmenta I

[18)

Is = me total jumper cab la lomgth (km).

ps, O&, = ?ha mean and standard dev i at Ion of the en. i ronmenta I I Y I nduced jumper cab I e
attenuation (dBlkm) .

1, = The total ❑ultiflber cable length (km). ?bIs value may include nn allowance for
cab 1e repro I r or rearrangement.

v,. % = me mean Ond Standard devlatr On Of the OnvrrOnm*ntal IY induced =ultlf Iber
cable attenuation (dB/km) at the transmitter. s nominal center wavelength.

b = me total number of connectors.

&8) ~ ; 7h0 ●ean and standard do. I et i on of toe env I ronmenta I I y induced connector I oss

N. = m total number of SPI ices.

II,, ~ = Tne moan and standard deviation of the environmental IY induced SPI ice loss
(dB)

NO = The tOtal number of ‘other passive devices” of one typo.

p,, ~ = The mean and standard de. i at ion of the env I ronmenta I IY i nducod ‘other pass I ve
device. loss (dB)

5,7 -. In general , the excess power margin of a f Iber optic I ink decreases as the
components wlthln that I Ink age. Most of this Is duo to the affects of aging on the I Ink active
components and has a I ready bee. taken Into account I n the vs 1uos used I n the I Ink I oss budeet I n 5.5.
If the effects of sg Ing on the transmitter and receiver are not accounted for in the values used In
the 1Ink 10ss budget and are not known, they sha I I be approx i mated by derat i no the ❑ean or worst case
source output power and the ❑ean or worst case receiver sens It Ivlty by the emount shown In table Xl I
The values shown are used as the fal lure def Inltlons for ❑ctive devices in the determination of those
dev i Ce mean t irons .bef ore f a i Iwe (HTBF) For the .1ink pass Iva Components, aging is not general IY
considered to affect their optical performance (except for catastrophic fal lures) Excaptlons to this
are the insertion loss of connectors and switches that are expected to seo repeated matings and
dematings or repeated state changes during their I ifetime. 7%s mean or .8X I ❑um I oss Increase over the
11fet I ❑e of these components sha I I be obta Ined from the cOWOnOnt manufacturer and i nc I udOd i n the
mean or maxlwm loss value used in the loss budget (sea 5.5.6).

TABLE Xl I bet I Ve device aa i na derat i no f actOrS.

Actlva Dev IcO Derat i ng Factor (dB)

LED/ Transm I tter . 4,5

Laser llrensm I tter - 1.5
(w I th constant current)

LsserlTransm I tter e.o
(with constnnt power feedback 100P)

Detector IRece I ver +1. e

5,6 fid Iustments to the I oss budm . . The tots I adjustment to the I Ink 10ss budget Is the sum
of the Individual adjustments calculated In 5.8.1 through 5,8.7. Sections 5.8.1 through 5.8.7 list
and explnln various adjustment which may be made to e 1ink IOSS budget tO OccOunt fOr deoradatl Ons
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that may occur in fiber optic links due to component Interactions and future, cha.oes to the link
co” flguratlon. Future changes may Imlude such Items as change of operating wavelength, c0nver810n to
WDH or dupl*x operation. It 18 straightforward to calcul.ta the effect of these changes on the loss
budget. Other adjustments for various link degradations (for example, dispersion, jitter, modal
noise) aro more difficult to nssess, Some may be determined by means of complex calculations: others
are ❑erely rules of thumb obtained from experienced system designers. For each 1 Ink degradation
adjustment, the following information Is provided:

a, The common terms for the degradation (if applicable).
b, A brief discussion of Its causOs.
c. How to determine whothor the ❑djustment is applicable for the design under

consideration.
d. How to determine Its effect on the 10ss budget.

5.8.1 Growth an d futu re unkm wm. Optical fiber systems are often upgraded during the
Ii fetlme of the ship to provide ❑ore information capacity than’the requlremfints of the initial.
installations. TYPIcall Y, uP9rades consist of either a change In operating wavelength, an Increase In
the transmission bit rate or the use of 14DH techniques. It upgrades are planned or can be predicted,
distortion budgets and loss budgets shall be calculated for each plnnned upgrade. Loss budgets shall
be calculated as described in 5.5.8 for each wavelength planned and shall include any additional
components to be added In the link (such as UOH couplers) and the dlsperalon power penalty for that
wavelength and transm[aslon bit rOte. For upgrades which involve the use of WIH techniques, the
additional adjustments described In 5,S.7 shall also be included.

5.8.2 plaoerslon Dower Denaltv. 7here are a number of power penalties related to tempokal
distort Ion. In this document, the dispersion power penalty is defined as the power penalty arising
from intersymbol Interference problems generated by temporal distortion and dispersion related pulse
broaden 1ng. 7h Is power Penn I ty does not need to be I nc I uded I n the adjustments to the I Ink 10ss
budget If the receiver sensitivity Is defined for a worst case distorted signal (for example, as for
FODI COMPI lent receivers) Beceuse of the f Iber. s f Inlte bandwidth, higher modulatim frequencies are
attenuated more than lower frequencies, loading to en ef feet ive reduct Ion of power at the receiver.
This power pens I ty can be thought of ❑s the add I t i 0.. I power needed to be I munched by the trnnsm I tter
to compensate for the reduction of power within each bit period due to distortion effects within tha
I ink. The dispersion power panalty cen be expressed .s ten times the Iogarlthm of the system
frequency response ova fuated at a cr It ica f frequency. A c.ans.arvat 1ve approach Is to def lne the
cr It Ical frequency equal to 0.7 times the baud. If the tOtal I ink responsO iS as8umed .tO bO Gaussian.
th Is becomes

(19)

whore ,P, Is the dlapers!on power penalty (In dB), baud Is the I Ink baud (in symbols per second) and
%.,, IS thO tOtal I ink ban~idth (in Hz) (see .5.4). Addlt iOnal in formation On th@ disPersl On Power
penalty is found in 6.31 and j. If ths I ink transmitters and receivers are avai I able the dispersion
power penalty can be measured using EIAITIA-526.1 LI.

5.8.3 W. Dart It Ion noise nennltv. 7he ❑ode partition noisa. (HPN) penalty Is a dlspOrslon
related nolso penalty tiich arises from the Uae of multi longitudinal mode lasers as fiber optic link
sources, HPN In multi longitudinal lasers (the time varying dletrlbutlon of power among the laser
longitudinal modes) coupled with the fiber chromatic dispersion reduces the signal to noise ratio
(SNR) at the I Ink receiver. In multimode fiber optic I Inks, HPN also produces time varying connection
losses end results In Increased modal noise (see 5.6.7) AS long as L5Ds cm lasers with many
longitudinal ❑odes are used in a ❑ultlmode fiber optic I Ink, HPN does not need to be considered. In
‘a Ingle mode I inks nnd multlmode I Inks using lasers with only a fan Iongltudlnal modes, the UPN penelty
can be ca I cu I ated from

Pm [rbaud
=0.5 —

BWa, .3 ~
(20)

tiere baud refers to 1ink baud (In blta par second) and SW..,.,, IS thO source /fibar exit ban~ldth (In
Hz) . Addltl.anal information on mode partition noise can be found 1..8.31, k, I and m.

5.6.4 Slnale refl e.ction oower nena I tv. Another no I se pens I ty that ar I eea when I asers are
used as fiber optic I I“k sources Is the Single ref Iictlon (optical feedback noise) power penalty. The
Ienuth of fiber between tho laser end the first point of reflection acts as an (poor) external cavity.
The power reflected bsck into the laser from this external cavity disturbs the Ia$er, s internal
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oscillation, The properties of this external cavity are time varying due to mechanical end
environm. mtal varlat ions around the cavity, Because of the t I me var i at ion$ of the external cavity
propart iss, the I a8er cannot lock onto a mode of the externa \ cav I ty and the I aser output becomes
noisy. The single ref Iect Ion (SR) power penalty is dnpendent upon tho part Icular design and
construction of the laser used. The laser manufnctmer should provide a value of the SR power penalty
as a function of the return loss of the first reflection. If the I Ink transmitters are avai Ieble the
SR power penalty can be measured using EIAITIA-528.11

5.s.5 )lodal noise De.nalty. An additional noise penalty that occurs when laSOrS are used as
optical sources in multlmode I Inks Is the modal noise power penalty. tlodal noise Is generated when
coherent 11#ht is launched Into a muI t i mode opt I cmI f I ber end Is character i zod by a speckl a pattern at
the ex It face of the f Iber. l%ls speckle pattern is the result of the random Interference of the ❑any
different propagat Ion modes In the f Iber. HPN .x changes in the source wave I ength; as we I I .3s any
aechan Ica I or env I ronmenta I var Iat ions around the f I ber, cause changas in the speckle pattern. At
each interface, the specklo pattern is dependent upon the dlstrlbutlon of constructive or destructive
Interference In the var I ous modes. Since connector and SPI ice Insert Ion loss end couplar SP I itt Ing
ratios are affected by the mode power distribution, the componant”a loss may vary in time. Nodal
noise Is avoided in multimode fiber optic links if the laser used has ❑any longitudinal modes or is
made relatively incoherent (see 6.3.3). The laser cohOrRnCO can be destroyed by Pulsi.g the laser at e
repetlticm rate much In excess of the 1 Ink baud (for example, dithering the laser as done i“ self-
pulsating lasers). khen lasers with only a few longitudinal modes are used with ❑ultiwde fiber the .
❑odal noise power penalty 18 not predictable. Values of the modal noisa power penalty may bo as high
as several dB depending upon the system design and the particular laser used. Hodal noise Is not n
problem 1“ Dlngla ..ade fiber .aptlc I Inks as long es co.nectc.ra and epl ices with 10ss0s less than 1 dS
are used. In some cases the modal noise power pennlty will be infinite (for exn!dple, the Ii”k will
experience e SES f Ioor):. no amount of additiOnal power wi 1I decreaaa the 1ink SER. Additional
in formatim on ❑odal mise can be found in 6.3h, P and q.

5,8.6 Jitter vower Penalty. Provlous sections have considered noise only with respect to
signal empl itude. The relative IWIDI itude of such noise Is expressed by the SNR. Ills section
discusses j Itter which concerns a noise- I Ike Property of s igna I phas \ ng or t i ming. J I tter is defined
.s the short-term noncumulative Wariotlons of the significant instants of a digital Signal from their
ideal positions in time. Generally; the signific.mt Instants refer to that portion of the dt~ltal
waveform used for timing. Jitter is manifested in a digital signal as the reduction of the eye width
in a eye pattern dlngram due to the temporal spreading of the transition region for both the leading
and trai I Ing edge of the pulses (see Figure 19).

Figure 1s. g!m Patter~.

The j Itter In n I ink IS n function of tho SNR and is usually accompanied by an increase In the I Ink
BER. Typical IY, the increase in the SER can be of faat by Increaslno the Power aVai Iable at the
race i ver by soma an.aunt referred to es thO ] itter power pane Ity. llte ef feet of j 1tter a“ system
perf ornance depends on the npp I I cat i on as we I I es the des I WI and perf ormanca of the e I ectron i c
components after the I ink recn i var. For 8PPI I cations In vhlch ropeate.s are not used. j Itter Is
generally not an issue in link daslgn. In =ny cases the spectra 1 contant of tha J I tter ts Just as
I ❑portant as the ❑sgn I tude of the J i tter. For .axampI e, when post-receiver components w I th I ow-pass
f req”ency responses are used, these components w i I I be re I at I ve Iy I nsens i t i Ve to h I gher frequency
j Ittor Components. Typ I cal 1y, J ittsr specifications cover a apec i f i ed frequency ranne and teat
procedures Imludn f i Iters to I Imlt the spectral content of the ❑easured j ltter. Jitter is divided
into two types: deterministic and random.

S,8,8.1 Determlnistlc litter. Determlnistlc jitter is tho component of J Itter that is
corra Inted with a device. transfer parameter and inc ludo5 duty cycle distort ion and pattern dependent
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jitter, The magnitude of pattern dependent j itter is a function of the data Pattern employed to
❑easure it. In pract ice, pattern dependent j I tter maasurem.ants inc Iude both pattsrn dependent j 1tter
and duty cycle distortion, end represent the total deterministic j itter.

5.8,6.2 pond.. I 1ttec. Random j I tter Is defined as that component of j I tter that Is
uncorrelntad with any component of the effected signal or device transfer parameters. Random j Itter
is generated men n noise contaminated, bandwidth- I imited signal is processed by a threehold device.
Each component of the I Ink contr Ibutes to random j Itter either direct I y by increasing the noise of the
signal or Indirectly by further bandwidth-limiting the signal

5.s.8.3 Tots I II tter. 7he total output J Itter in the I ink ia e function of the input J’itter
in the electrical signal driving the transmitter and the j ltter introduced by the transmitter. the
fiber, tho receiver, and the clock recovery module. Each component introduces both random and
determl”lstlc j itter ex=ept for the fiber, which only directly introduces deterministic j Itter (the
fiber contributes to the random J itter by decreasing the I Ink bandwidth) The transmitter contributes
to the random j i tter because of noise present w I th I n the transmi ttar that !uoduI ates the d i g i ta I s 1.anaI
timing. It comr[butes to the daterm!nlat ic J itter I. the form of pattern dependent Jitter. The
trensu, itter-s contribution to both tha random and deterr, i”istic j itter in the I i“k is usual Iy smal I
The optical fiber contributes to determlnlstlc j Itter 1“ the form of data dependent J itter duo to its
degrading of the signal bandwidth. TM optical receiver contributes to the random jitter by
Increasing the noise level on the signal and deterministic j itter in the form of data dependent
jitter. The total det.armlnlstlc J Itter of tho I Ink is the algebraic sum of the Constituent
components, deterministic j Ittera. rite total rendom J itter of the I ink Is the R!IS sum of the
constituent components - random J i tter. me worst case total Jitter of the I ink Is calculated by
.Igebre ical I y summing the total detarminlat Ic J Itter with the total random 1 ittar.

5.0.8.4 Jitt er budue<.’ A j i ttar budget may be performed to eva Iuate the J i tter performance
Of a f i bar OPtic I ink. TYPical IY, the tOtal output J itter from the receiver Is compared to the
maximum input J itter requirement for the clock recovery module. The total determinist Ic J lttOr (in
seconds) is

Al== Luh+w=+A7f+mm (21)

tier4 W,m is the Input detnrmlnlnt Ic J Itter to tha transmitt.ar (In swxmds) , D& is the transmitter
determinletlc jitter (In seconds), U 18 the fiber deterministic jitter (in seconds), and D& is the
rece Iver deterministic Jitter (in seconds). 7he total random j itter (in seconds) is

(22)

where R. I,. is tho input random J itter to the transmitter (in seconds), R& is the transmitter random
jitter (in Sec.mds), end S& is the recolver rendom jitter (in seconds) The j Itters of the input
s Igna I to the transmitter are obta i nod from the manufacturer of the component or equ i PMEnt OenOrSt ing
that signel In most caeee the input Jitter can be assumed to be negl igible. Tne J Ittors introduced
by the transmitter and rece I VW are obta i nod f ror, the trans. I tter and rece i Ver manuf ncturer. I f these
values are mat avai Inbl.a they can be ❑easured using EIAITIA.526. 16, EIAITIA-5261<7 and EIAITIA-52EI-16.
The value of the detormlnist Ic j Itter of the f Iber can be determined from the input and output r Isa
t I man of the f I bor by compnr i ng daf ined best case and worst cane data patterna. An exponent I a I
I mpuIsa response is asswm=zd at the Input to the f i bar and a gau5s Ian I mpuI cm response !s assumed et
the output of the f I ber. In this document the baat case data pattern waa considered to be one ‘on-
state fo I I owed by an ‘off- state end the woret cane data pattern was assumed to be three Consecut i.0
‘on- states fol lowed by an ‘off- state. rne detarmlnlst ic J itter of the fiber ( In” seconds) is then
Qi VM” by

ATf = Et= - At, (23)

where t. Is the source rise t I me (In aecOnds), t., la the sourcelf iber exit rlBa t lMO (in seconds). and
tha deterministic J itte.r constsnts A end B ere give” by table Xl I 1. (To determlno tha constant 6, use
the flberlcable exit rise time to baud period retie. For A, use the source rise time to baud period
ratio. ) I f ,mora than three consecutive ‘m- states are considered i. a I I nk, s data f Ormat the
constants A end B WI I I be 81 Ightly different. Tha t.atnl output J itter, .4 (in seconds) , then is given
by

J== LIJT+RJ= (24)
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5.8.6.5 tlaximum input Ilt ter reaulranent. In general, the clock recovery nodule
specification wi II include a maximum input Jitter requirement. The total jitter out of the receiver
should be less than the maximum Input jitter requirement of the clock recovery ❑odule, If the total
output jitter from the receiver IS greater than the maximum c.l lowed for the clock recovery ❑odule, the
receiver ❑anufacturer should be contacted to determine the tradeoffs betwem receiver sensitivity and
receiver jitter. The jitter budget em be rsce.lculf.ted far the differing values of receivcw jitter
(corresponding to different recolver sensitivities) u“tll the clock recovery Input requirement Is met.
The jitter power penalty Is the dl?ference In the In!tlal and final values of the receiver
semitlvity. If the Input jitter spe.clficatlon for the clock recovery ❑odule Is not known, the total
output jlttfm from the receiver shall be less than 70 percent of the baud period. If ralculntlons
determine that the total output jitter from the receiver is more than 70 percent of the baud parlod,
the dasig.er should select a different trensmittar or receiver With improved rise time or Jjtter
Speclflcatlons. Additioml i“formatl.m o“ jitter can be found in 6.Sr.

TA3LE XIII, F.bsr er~ r constsn s.

Rise time to Baud Period Deterministic Jitter constant
Rat lo

A B

< 0,35 e.eel 0,000

0.40 e.ee2 0,003

0.45 e.Ee3 9,601

0.5Q 0.W36 Q.W41

9.55 0.008 Q.OQ1

e.6Q e.012 6.602

9.65 e.e15 0.oe5

e.7e e.ele e.etl

5.8.7 Other newer oenalties, In fiber optic systems other power penalties ❑ay exist, but in
general nro not slgnl f I cant. ?he except I ons to th Is are pens I t i es dua to Cr.assta I k f r.on kmH coup I ers
In 41PH I Inks md to back-ref Iectlons from the transmitter to the. receiver in bidirectional systems.
In I Ink designs that are bldlrect Ioml or tiere WIN! techniques nre be Ing used, a loss budget for the
crosstalk channel shal I be calculated to verify that the pover level of the crosstalk channel ,gt the
detector lrecelver Is we I I below the detectorlrecn iver sensitivity.

5.9 Comment rel iabl I It” celcula t ions. Thjs sect ion establ ishes uni form predictions for the
rel Iabl I ity of Navy f Iber .aptlc e.mpenents. 7he Intent of this section is to augment uIL-UDBK. 217 In.
the area of f Iber optic component rel Iabl I Ity calculations. Two of the darating factors used are
QOnaral Iy appl I cable for al I of the components. Tne temperature derat Ing factor, .,, for each
component Ie g i ven by

172 -a9a)
~== 1.6~ (25)

ufvere 12 18 the expected operat Ing temperature in Ke (v in (tha temperawm In Ce 18 I US p Ius 273
degrees). The qua I I ty doret Ing factor, ~, for each component 18 e I ve” In tab I a XIV.
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TABLE XIV. Fiber ooti. ca.Doneot oualltv factors.

Type of Component %

Listed on Ouallfled Ports List or first article f.e
tested

Hanufaeturad to specification, but untestad 1.5

Commercial, hi!ah quality 2.0

commercial, average quality 4.0

5.9,1 Ontical cable. The optical cable failure rate model is glVen by

Ap = Ab(n=Xn=Xnn XnQl

where : ~= Fiber optic cable failure rate
A = Suffered optical fiber, fiber within an OFCC or n fiber wlthln a ❑ultlfiber cable
base

failure rate (see table XV)
r+ = .% VlrOnMO.tal dernting factor (see table ml)
., = Temperature doratlfvd factor
_ = Number of fibers In the cable

% = Ouallty factor

TABLE XV. Fibe~ nse failure rates.

Component & (Failures/f@ hours)

euffered optical fiber 5,s5

Fiber Within OFCC 1.s9

Fiber WIthln Rultlflber Cable e 2s2

Light Outy Connector e.l<e

Hoawy Outy Connector e.eae

SInole Fiber Splice e. e37

TASLE fil. 0 ‘cc.t, al cable envlr.anmental d.matlna f actors.

r
Err+ I ronment %

Naval surface Ship Unsheltered 43 .“

Naval surface Ship Sheltered 5.9

Naval Submarine 4.1

5.9.2 ~laht dutv Si~OlillUS colnectorq. TIIe light duty alngle tormlnun connector
failure rate model is .aIven by

A, = Ab(rI=x II*X IIfl Xno)

where: & z Light duty single terminus connector fal lure rate
& = Single terminus connector bnse fal lure rata (see table XV)
% = Em’ I ronmenta I derat I ng factor (9ee tab I e XWI I )
% = Temperature derat ing f ector
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Q = Hatinglumating ~erating factor (see table XVIII)
~ . Qua I i ty factor

TASLE XVII. LI h dut~.

I Env I ronment %

Nava I SUrf ace Sh IP Unsho I tered 13

Nava I Surf ace Sh I P She I tered 5.3

Nava I Submar i no 4.1

TASLE XVl Il. Patlnal unmat i na derat i na fnct.rq,

~ Rat i nglllmm.t i ng Cyc I as *
(P er wOO houre)

e - 0.05 t .0

MJ.e5 - e.5 1.5

>9.5 - 5 2.0

,5 - se 3.0

>50 4.9

5.0.3 P~wd:v multi terminus connector. The haavy duty muI t I terminus connector f al lure
rate ❑ode I is II I;en by”

Ap = Ab(n, Xn, XnKXnp XnJ

them : ~ = Heaw duty multlterminus connector fai I“re rate
A = Single connection base f.1 lure rate (see table XV)
III = Environmental deratln.j factor (SCW table XIX)
., = TOmPersture deratlng factor
IIS = flat I ng/unmat i no derat lIWI factor (see tab I e m)
% = NumbOr of IICt Ive termtini in the connector (SeO table XXI)
~ . O“el ity factor

TASLE XIX. H~m fnctors.

Env I ronmant *

Nava I SUrf 6C8 Sh I P Unshe I tared 13

Nava I Surrmce Sh 1P She I tered 5.3

Nava I Submarine 4.1
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TASLE XX. ~esvv dutv connector m.tinol.nmatin.a derat ina factors.

tb3ting/Unmatlng Cycles *
per lQoO hours)

e - 0.05 1.0

>e. e5 - e,5 1,5

>0.5 - 5 2.s

,5 - 50 3.e

*5O 4.0

TASLE XXI, Number of active termlnl derat Irm f actor.

Number of Active Termini %

1 fee

z 1.36

.3 1.55

4 1.72

5 1.87

e 2.02

7 2.16

8 2.30

$.e.4 LIaht dutv sinale fiber snllces. The light duty single fiber splice failure rate ❑odal
Is given by

Ap = Ab(riExnTxnQ)

where: & = Light duty single fiber splice failure rate
&= Single fiber splice base failure rate (sea table SV)
~ = Envlromuental deratlng fector (see table XXll)
. . = Temperature deratlng factor
lb = Guality factor

TASLE =11. LLoht dutv snllce &wlron mental doratino feet.ars.

Em I ronment . .r4

Naval Surface Ship Unsheltered 9.9

Naval S.rfnce Ship Sheltered 4,4

Naval Submarine 3.5

5.9.5 0 t~. Tha optical switch fal!ure rate model .1s given by

Ap = A.b(nEX nTXnKXn=XrtQ)

where: & = Optical switch failure rate
& = OPtlcal switch base failure rata (see table xxlll)
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I

~ . Environmental deretlng factor (s00 table XXIV)

., = Temperature derat i ng factor
% = Number of switch states (see teble XXV)
~ . Q“al Ity f.ctor

TABLE XXl I I ODtlcnl switch base fnl lure rnte.

switch ins Hechan ism h

Electro-optic, Hovlng Fiber 9.431

Electr.a.optic, Moving Hlrror e.321

Sol id State 0.10s

TAOLE XXIV. Ootical switch environment al derntlna factors.

Env i ronownt n+

Naval Surface Ship Unsheltered 13

Navsl surface Ship Sheltered 5.3

N?% I Sub mar I ne 4.1

TABLE ~. )lumber of switch states derntino fmctor.

Number of switch states I %

2 1,0

5.tO Fiber ootlc avste m deslan exam~les, Append Ices B and C contoln fiber optic system
design examples that I I Iuatrate the proper SPPI I cat Ion of the equat Ions presented hare in. Table XXVI
shows the top i cs covered I n each examp I a.

TABLE ml. T ics c v re~.

ToP I C &P endlx B Appendix C

Examp I e < Example 2 ExamP I n 1

Network TOPO\o.ay BAFENET SAFENET SAFENET

Ilultimode or Single tlode MuI t i ❑ode Hultlmode single Rode

Source Type SLED ELED Laser .

Loss Sudmot Equat I on Worst cane stat Ist Ical Worst Ca8e

Ca I cu late Env I r.mmenta I Hara i n No Yes Yes

Ag I ng 1nc I uded 1n lrmsml tter IRece I ver Yes No Yes
Spoclf I cat ions
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6. NOTES

(This section contains information of a gonaral or explanatory
mandatory. )

nature that may be helpful, but is not

6.1 Intended use. The design requirements contained In this standard are intended to be used
for al I appl icmble systems, to ensure system operabi I Ity utIen fielded, inter.aperabi I Ity between
systems des I.Jned by di fferant organ lzati.ms, and proper operat !on when connected to the fiber opt Ic
cable topology,

6.2 issue of 0001SS. When this standard Is uaad In acqulsitla”, the explicable issue if the
ODDISS must be cited i“ the s.allcltatic.n (see 2.1.1 end 2.2).

12.3 References. The fol lowing references may be used to obtein additional information on
d i f f went aspacts of conponent perf ormmces and system des i g“, These documents are norms I Iy ava i I ah I e
from the organ izr,t Ions that prepare or distr Ibuto the documents. mese documents a I so may be
aval lable in or through I ibrarles or Othfw l“~ormatl.onal services,

a.

b.

c,

d,

e.

f,

9.

h,

1,

j.

k,

1,

m.

n,

0.

P.

‘a.

r.

Schwartz, H. I and M.J. Suckler, ‘The Choice of Refrmct Ive Index D“if ferance for
Hult i mode Fibers operated at t .3 Hicrons-, Proceed lnas Intornat ions I Conference on
Communlcatlons, Jun 1081,
Buckler, M. J., .F Iher for I ocs I area networks In the US,. Proceedings Z“d
Intermationnl Symposium O“ Optical and Electro-Optical Appl ied Scle.nco and
Engineering, NOV 19S5, pp. 150-157,
Refl, J,J. end H. E.S. Neysmlth, .Performanca of Oata Link Modules as n Function of
Hultlnode Flbee Size, . Fiber a“d Integrated Optics, Vol Q, 199Q, pp. 261-279.
Brown, G. O., %endwldth end Rise Time Calculations for Dlgltal Fiber optic Onta
Links,. Journal of LightWave Techml.agy, Vol 10, No, 5, Hay 1992.
.?ch i cketanz, 0. and W. S. Jackrm, .Effectlve Fiber Bandwidth In LED Based systems,.
Proceed I nos, Sympc.sIurn on Opt I ca I F i her Hessuretients, Sap 10S9.
H.tchison, J. end O. Knudson, ‘Developing Standards for a Fiber Optic IAN . Fool ,-
SPIE VOI 715 Fiber Dptlc Telecommu”lc.at fions and Computer Networks, 10S6, pp. 72.79,
Hackert, !!. J, , V31e Importance find APDI icatlon of Olsporsion of Hultlmode Fiber in
IANs and its Relation to NA,. International Wire and Cable Symposium, November 10S.3.
Hackert, H. J. and G. O. er.mn, .Systam Oes i gn Hethodo I WY for Power Budgeting of 92.5
pm t!u I t i mode F lber Systems,. Journal of L1.ahtwave Technology, Vol 12, No 4, Apr I I
, 00A. . . .
Ilyaore, S. H. et al. , .Chromst Ic DlspOrsion lieasurements and Related System Power
Penal ties,. SP IE Vo I 559 F I her Opt I c: Short -Hau I and L.ang-Hau I Measurements md
Applications 11, tees, pp. ez.eg.
Agrawsl , G. P. et al ., .Oisperslon Penalty for 1.3-vm Lightwave Systems. with Rultlmc.de
SamI conductor Lasers,. Journal of Llghtwave Technology, Vol . 6, No. S, Hay 19S9, pp.
e2e. e25.
0100”, C. H. et al. , .Nolse Caused by Semiconductor Lasers in High.Speed Fiber.Optic
Links, - Journsl of Llghtwave Techml.agy, Vol 7, No. 4, APrl I Iaeg, pp. 6s7. ee5.
!! Iskovlc, E.J, end P.W. Casper, .Optlcal Transmission Channel Noise Phenomom for High
Sit Rate Fiber Optic Systems,. Proceed I ngs Tech. i ca I Program E I ectr.a Opt I ca I Laser
Conference EXLIO. 23.2S Dctober 1979. DD. 174.191.. . .
Jlang, W. at al .,, .Improved Analysis of Dlsperelon Penalty In Optical Flbro Systems, .
Opt Ical and Quantum Electrmics, Vol: 22, pp, 23.3t.
Tnomson, J.E. et nl ., .Hodal Noise in Laser-Based Hult Imodo Opt Icsl Interconnects,.
Proceedings, First Intarnat I.ana f Workshop on Photon Ic Networks, C.mp.anenta a“d
APPI icatlo”a, od twe.
Oas, S. . et al ., V!odal Noise and Olc.tortien Caused by a Long itudlrial Gap Betwean Two
Iiultl mode Fibers,. Applied Optics, 1094, Vol. 23, No. 7, P. Ilte.
Ohtsubo, Jun) i, .Frequency Dependence of Hodal Noise In Hult I mode Optical Fibers,.
Wpl led OPtl CE=, 10S9, Vol. 29, No. 10, pp. 4235.4239.
Epworth, R.E. , ‘ha Phenomenon of nodal Noise in Analogue and Olgltal optical Flbre
Systems,. Stsndard Te I ecommunI cat I on Laborator I es L i ❑I ted, Har I w, UK.
Trischitta, P. R., and E.L. Varma, Jitter in Oigltal Trsnsmlsslo” Systems, Artech
House, Norwood, HA, 1Qe9.
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6.4 Sublect term (kev word) Iistl no.

Adjustments to link loss budget
Bandwidth
Cab I e
Cable topology
Component reliability calculations
Connectors
Couplers
Exit bandwidth
Inter-equipment connections
Interconnection boxes
Intra-equipment organization
Link loss budget
Loss budget
optical fiber
Receivers
Spl ices
Switches
Transm I tters
Wavelength

Preparing actlvlty:
Navy - WI

(Project GDN-Nt79)

49150
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APPEMD= h

TEST PW3CESURE TO DETERHI NE COUPLES PsUER RAT10
FOR HULT I MODE OPTICAL FIBERS

1Q SCOPE

10.1 -. The Intent of this procedure Is to measure the logarithmic rat 10 of the total
opt Icel power coupled Into a Class la graded- Index mult Imodo opt Ic.al fiber to the effect Ive opt Ical
power coupled into the low order modes of the fiber by a fiber optic source or transmitter.

29. APPL ICABLS 00CUHENTS

This section daes not apply to this appendix.

30. TEST EWJI PtlEST

30,1 ~P IOwn acea I o NIST standard~, An optical power meter
shal I be used which has a resolut ion of at least 13.1 dBm, and which has been cal Ibrated for the .
wsve I ength range and dyrmmI c ran~e of oparat I on for the equ Ipmont to be tested.

3Q.2 Invut sian81 sourcQ. An input s i gna I source wI?i ch moduI ates the opt I ca I tran5M i tter
with a noduletlc.n signs) SIMI Iar to that expected In the system appl icatlon.

30.3 class In Ihm.er cnble. A jumper cable constructed with Class la graded. Index mult I mode
optical flbor with near nominal core size end NA equipped with appropriate connectors. The jUmpOr
should be suff Ic{ently long that al 1 launched cladding mode power is completely attenuated before the
c.utp”t cormector.

30.4 c~ ..s Iv 43ee “ 1. 00 e ..Der cnbl.. A jumper cable constructed with CIITSS lva.
dlsporslon unshl ftod single mode f Iber with near nomlml mode field diameter equipped with appropriate
connectors, Tne jumper should be suff Iclently long that al I launched cladding ❑ode power is
camp I ete I Y attenuated before the output connector.

30. S 85 ma~ ca 10. A jumper cable constructed with a mode field diameter
of approx Imately 5.0 z 0.5 pm (to promote the attenuat ion of the second order mode at 8513 nm) equipped
w i th appropr I ❑te connectors.

40. TEST BAHPLE

The test sample shal I be a f Iber opt ic source or transmitter op.arat ing under normal operating
condlt ions.

5S TEST PROCEOURE

5e.1 SSW.S.

a. Apply the appropr Iatn. Input ❑ovulation signal to the optical source or
transmitter under test. Al low sufficient time (f5 ❑inutes Unl C.SS Otherwise
8pac i f I ed) for the source or trnnsm i tter under tec.t to reach a steady .state
temperature and parf ormance condlt Ion.

b. Turn cm the opt I ca I power meter and a I low the manufacturer’ a recommended warm-
up and sett I i ng t i me before starting any ❑easurements.

c. Claw! the optical connectors df the multimode test jumper cable, the Sinala
■ode test Jumper cab 19, and the opt ICE 1 source or transmitter under teat.

5e. 2 )j.asuremeti.

a. Connect cm end of the muI t I mode test Jumper cab I e to the opt i ca I source or
transm I tter under tast and the other end to the i nc.ut .OnneCtOr of the opt i Ca 1

b.

c.

power motor.
Observe the opt i ca I power read i no. I f the opt i ca I power meter read 1.Q
f I uctuatas more than e.4 ds (peak-to-paak), tha reading shOu I d be d] sreaarded
(elthor the optical source or transmitter under test is not sufflcl Ontly
stabi I izad or the optical power level is too low for the optical power meter)
h’?ten the 8eter reedlns Is suff iclent I y stable. record the value (in de.).
Dlsccmrmet the ❑ult I mode test iumoer cable from the ODt ical Dower ❑eter.
Select the appropriate Singii.;odi jumper cable with respect’ to the optical

S1

Source: https://assist.dla.mil -- Downloaded: 2016-12-31T21:29Z
Check the source to verify that this is the current version before use.



MIL-STD-2052A(MI)

APPEE!J2X A

source output wave length. Connect one end of the single mode test jumper
cable to the output end of the multi MOde test lU.POC cable and and the other
end of the single mode test jumper cable to the InPut connector of the OPtlcal
power meter.

d. Observe the optical power reading. If the optical power meter reading
f I uctuatos more than Q. 4 dB (peak-to-peak), the reading *ho. Id be disregarded
(either tha optical sour.. or transmitter under test Is not sufficiently
stab I 1 Ized or the optical power level is too low for the opt Ical Power ❑OtOr).
h%en the meter reading Is cuff Iclently stable, record the value (1. dBm)

e. Disconnect the elnQle mode and multimode test jumper cables and clean the
Jumper cab 10 connectors.

f. Repeat steps 50.28 thrcwh 50. 2e Unt i I f i ve stab I e reed Ings for both power
measurements are obta I ned.

60, CALCULkT 10NS

a. For each repetition In 50.2, calculate the logarithmic ratio of the optical
Powor cOuPled into the multimode optical fiber to the optical powar coupled
into the single mode optical fiber

&. P-. P-

wfw.re P- is the optical power couplad into the single mode fiber and P- is the
opt Ical power coupled Into the mutt I mode opt Ical f lber.

b. Ca I cu I ate the average of the VI?I ues obtained in 608.

52
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APPENDIX B

MULTIHODE DESIGN E%AuPLES

10, SCOPE

10.1 -. Thin appendix contains examples for calculating bandwidth. loss budgets, and
other factors necessary to design au!ti mode fiber optic systems. This appendix Is not ❑ mandatory
part of this standard. The component specifications and network topologies presented herein were
developed for Instructional purposos only and are not representative of anY particular Installation.

20. APPLICABLE DSCUHENTS

This sectlm does not apply to this appendix,

3e. ExAnPLEs
30.1 ~. Tnese examples arO intended to provide guidance to the design engineer on the

application of the formulae used to evaluate the viability of two hypothetical fiber optic topologies.
As will be seen when compering the examples, the equations used and their application vary in
accordance with the topolooy design, system specifications and avai I able datn. The equations,
paragraphs and tablas referenced I. the examples can be found in Section 5 0? this Standard.

vB2

lSm vA3

15rn

I

?Sm

* * +

TCU TCU TCU

SOOm

TCU TCU

S5m 2U0m

uAx SY5TEM A TERMINAL x SPLICE O WNNEflOR

•1
Bx SYSI’EM S TERMINAL

n
TCU TRUNK CWPUNG UN~

FIGuRE z3. Multlmod e SAFENET tom I oav for ox nmole f.

9s.2 Exe Ple 1 ExampI e 1 demonstrates the se I ect I on and app I I cation of equations used to
ova I unto the surv~vab I e“ adaptab la f i ber opt i c embedded network (SAFESET) topo I ow shown on f i gure 20
cmd deser i bed 1“ 30.2.1. The top.a 1.agy end comp.ment apec I f i cat i Ons have been provided by a system
design taam as a proposed tact 1cal shipboard network. I e the ProDoSod system viable under worst case
cond I t i ona?
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30.2.1 Svstem snecificatlons,

a.

b.

c.

d.

Fiber Speclflce.tlons:

Type :

Sizf.:

Attenuat ! on:

‘lranslent Loss:

Modal Bandwidth:

Dispersion Slope
at Zero Dispersion
Wave I ength:

Fiber Zero
Dispersion
Have Iength:

u.:

Transmitter speclficatlons:

Source Type:

Center
Wave I ength:

Spectrel Width:

optical output
Pow* r :

Rated Rise Time:

Receiver sp.3cif ications:

Oetactor Type:

sensitivity:

Rated Rise Time:

SAFEHET sveolflcatlons:

TCU Loss:

SPllce Loss:

Connector Loss:

Bit Rate:

Coding Format:

multimode, graded index

62.5/125 pm

2.B dO/kn max @ 1300 nm * 20 nm, restricted launch (l&)
4.5d8/kmmax @ 85en. i28 nm, (RES)

0.5 dB max for lengths greater than 0,5 km

400 flHz.km mln @ 1390 . .
290 HHz%z ml. @ 850 n.

1 x te.!> slm?,kn

t34e “,7

e.ee dO/h e 927e IUO

Surface Emitting LEO (SLED)

f30e nm * 3e nm

t3e nm FUHH

.Ie dBm ❑in @ f3Et3 nm Into 62.5/125 pm fiber over the rated
I Ifetime

2 t-m max

Posltlve.l ntrinslc. Negative (PIN) Diode

.3E dBm min for a worst case distorted input signal and n
BER of Ie’g over the reted Ii fetlme

2 ru, sax

E.E dB msx, (OFL), through any path

e.e da ~x, (OFL)

1..0 dB ~X, (OFL)

tee nbpa

4B/5B

e. System integrity: All terminals of an individual system (System A or System B) must be
nble to communicate wlwn alternate eystem tarmlnals are bypassed.
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30.2.2 Qesiun evaluation. llm design e.r. turitia” illustrated in this example assuu.as a w.arst
C*S6 Scenerio. aging inCludad in the transml ttarlreceiver specifications, end uses the additional 3 dB
safety margin in lieu of Calculatlmj the envirommtol margin,

3Q.2,2.1 pa”dwidth nnd rise tl me talc.lationt. The path from BI to B2 is the longest (6Q5
roatars gol”g counter-clockwise) and the shortest (.S0 meters Qolng clockwise). 7his link, being the
most critical I ink of the topology, wlil be emalyzed for dtstortim and attemtat}on Ilnitatlc.ns.
Starting with Equation (7), and realizing thet the link ❑inlmumperfor,aance will occur when the.
transmitter Is operating at the lower IImlt of its wavelength range, tha source center wavelength Is

From Equation (.S),

From Equations (5)
transmitter cantor

A= = (1300 -30)-7 = 1263 nm

the RMS spectral width Is

~=~=54.2m
A 2.4

and (6), the fiber dispersion and the dispersion slope at the fiber optic
wavelength are

~ . Ixlo-ls 1( II.—12631--4 =
4

-8.4 Xlo-lz s/(21nl-lall)

‘=+1’+3(-)41=12x’’’-’’h)(m’-h)

The mlnlnun bandwidth will occur 1“ the longest link In the topology, lf the bandwidth is sufficient
for the longest link, then It can be assumed that it will be sufflcle”t for 011 other Ilnks. For this
example, the cable length (L, ) equals B95 meters, 7he rise times associated with the firet and Second
order chromatic dispersion for the longo8t path length are given by Equations (3) and (4) to be

% = (2.6) (55.2)(-8.4x10-12)(0.605)” = -720 X10-12S

[

~ ~.4 0.12+ 2(-8.4x10-12)
% 1263 1

(55.2)7(.605) = 270 X10-12 S

From Equation (2), the estimated cable modal bandwidth Is

BWa(-6) =
4OOX1O6

= 510 X106 Hz
(0.605)0.s

From Equation (i2), by excluding the recaiver contributim, the fibarlcable exit bandwidth is

B.=,.,, .[-)2+[
-72;~f-12]z+[27fi~-12)2+ [052( ;OX106)]2~2

= 1203c106 Hz

Also from Equation (12), the total opticml link -3dB bandwidth Is calculated to be
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~w,(.,,{(-)2+[72~:-1)2+[27fig1)2+(o52(;ox,.o[-) ’~”
= 100x106Hz

lle mlnlmum acceptable total optical link .3 dB bandwidth, accordl”g to Equation (13), must be equal
to or Qreater than 713 percent of tho optical baud. 3AFENE7 utilizes a 4B/5B coding format md a lee
Hbps electrical Ilne bit rate. From table VI. the bit ratO to baud conversion factor, E, is 514, rne
optical line baud is thus

baud = 5/4(100x106)= 125x106 baud

After substituting In the.value of the link baud, Equation (13) becomes

Bwr( -3, 2 0.7(125 x10S) k 87.5x20S Hz

7his condltl.m is satisfied.

3e.2.2.2 L~ alculatlon. 7he loss budget equation must be satisfied for both the
longest and shortest path lengths. 7his will verify that the optical power Inclde”t o“ the detector
WI I I be In the proper ra”go for correct demodulation at the receiver. Since a worst case analysis is
desired, Equation (fe) may be simplified by eliminating the lest term of the equation (that is -X[~i +
. ..]s). A180. this 1. a tactical Iink and It has been decided that an .nvir.nmental margin (~) should
not be calculated, so a e dB safety margl” (H) ehall be used In the loss budget equatlm. mere are
not adjustments to the link loss budQet since the receiver eensltlvity 18 deflmd in terms of a worst
case distorted signsl and no l~nk upgrades are planned. 7he tr.mslent cable I.aaa, T, provided by th.a
cable manufacturer for this type of cable Is 0.S dB ❑aximum. Jumper cables are Internal to the
transmitter and rocelver and are co”sldered to be negllglbla (1=, IIx, .s= = e). From I“formatlon
provided by the cable monufacturar, ~ (at 1270 nm) was dotermlned to be 13.Q8 dB\km, Sterting with the
longest cable path of 605 ❑eters, the pnth Includes two connectors, 12 spli,cas, and SIX 7CUS. me
loss budget equation, from Equation (16), is

O s -18 -(-36) -6 -0.5 - [(0.605)(2+0.0611 -2(1) -12(0.6) -6(0.81

=-3.7dB

30.2,3 @.nclu Sions. The right hand side of the above .aquatlcm is equal to .3.7 dB, end thus
the conditions represented In the loss budget equation are not satisfied. Therefore, the prc.posod
topology p.asented for nnalyc.ls is mat a viable sol.tlon under worst case conditi.arm and the analysis
Is completed.

30.3 ExemDle 2. Example 2 demonstrates the selection and applicatlm of the equations usd’
to avaluate the BAFENET topology shown on figure 21 and desarlbad In 30.3.1. 7ha topology and
component apeclflcatlona have been provided by a system deslg” tear! as a proposed tactical shipboard
network. 10 the proposed eystam .Iable at a 97 percent confidence lavef?

30.3.1

a. Fiber specifications:

Type: multimode, graded index

size: 02.5/12s pm

Attenuat I on: i.3 dB/km INO
nm
4,5 dB/km maX

(=s): e.z dB/km std deviation e 430e nmize

(=s) e ese nm 2 ze nm
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o -NECWR x SPLICE El ““w El TRUNKcOUPUAG UNf7

FIGURE 21. flultlmo de SAFENET toDO 1ouv for examnlo 2

Trms I ont Loss:

Hods I Sandwl dth:

Dlsperslon Slope
at Zero D I spars i on
Wave I ength:

Fiber Zero
Dispersion
Wave I ength:

b. Transaltter speclflcations:

Source Type:

Center
Wave Iength:

Spectra I Width:

opt I Ca I output
Power:

Rated Rise Time:

9.S dB e 0.S km, 9.7S ds e 0.4 km, and 1.0 dB for lengths
greater than 0.5 km

4EQ HHz4cm mln @ f9&S nm
200 HHZ4CM ❑ln e 850 nm

e.f ps/n&km

1340 nm

e.ee dwb e 427e AM

Edge Emi tt Ino LED (ELED)

1300 nm * 20 ma

se nm FwliH

.Ie dBm avg; -12 dBm !aIn: and 1 dsm std deviation e 13CIE nm
i~to 62. s/125 urn fiber.

1 ns max
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c,

I d.

Reco Iwr speclf i cat ions:

Detector TyPe :

Sensitivity:

Maximum Input
Power :

Rated Rise lime:

SAFENE7 specifications:

TCU (sYpaSS Switch)
Loss :

TCU Environmental
Derati”g Factor:

SPllce Loss:

SD IICO Environmental
Daratl”g Factor:

Comector Loss:

Connect.ar E“vlronmental
Doratin.a Factor:

!IIL-STO.205ZA(SH)

APPENDIX B

Posit ive-lntrlns lc-Negative (PIN) Diode

.3S dBm avg: .36 dBm rein: and 1 dBu! std deviation for a
best case Input signal and a BER of 10.9

-11 dSm

2 ns, eax

0.4 dS aV9 (RES); 6.6 dB SVO (OFL): Q.8 dB maX (OFL):
0.1 dB std deviation, through eny path

6.35 ds avQ, 6.i2 dO std deviation

8.2 dB 8V0 (NES): CI.3 dB BV’j (OFL); 8.6 dS MaX (OFL);
9.1 dB std deviation

0.16 ds avg: 0.S dB std deviation

13.6 dB aVO (OFL); B.4 dB 8V9 (RES): 1.13 dB HAX (OFL):
6.4 dB std devlatlon

0,25 dB avg. 0.e8 dB std deviation

e. System Integrity: Each network terminal ❑ust be e.ble to bypass at least three (3)
edjacent, consecutive out-of-service terminals.

30,3.2 Peslcm evaluatio n. 7he design evaluation Illustrated in this example uses statistical
methods, Including a calculation for environmental margin.

30.3.2.1 pandwidth and rl tim alcul tlo 7he longe8t path length for this analysis Is
350 ❑eters (betwam 12 and T12, ands;etwe~”clll a~d ~’, lheref Ore, this will bo the link chosen for
analysis. Startl”g with Equation (7) and using the transmitter.8 minimum vevelength, the source
Center WevolenQth Is

A= = (1300 -20)-7 = 1273 rnn

From Equation (6), the RHS spectral width is

~=90=375m
k 2.4 “

From Equatlo.a (5) and (6), the fiber dlspmrc. icm and tho dispersion slope at tho fiber optic
transmitter center wavelength are

~ 12731-( -)’1= “’x’”-’’s’ (m-h)

~ . lxlo-1~

,,-

‘“ +++3(-)’1=“x’o-”“(m2-ti)
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The systems minimum bandwidth wI II occur in the link with the longest length of cable, For this
example, ~ equals 359 meters. The rlsQ times assracieted with the first and oecond order chromatic
dispersion are given by EqwAlOns (3) and (4) to be

td = (2.6) (37.5 )(-7 .2x10 -1’) (0.35) = -250x10 -12 S

[ )= 1.4 ~ 2X10.1, +2(-7.2X10-12) ~37.5)z(.35) = 76X10-IZ S
%? 1273

From Equation (2), the estimated cable ❑odal bandwidth 1s

400XI06
Bwm,-6) = — = 670x106 HZ

(0.35 )0.5

From Equation (12), by excluding the receiver contribute.m, the fiber lcabla exit bmdwidth is

Eiw=,.,) .[-]2+( -25::-1,]’+(-]’+ [052(:otio6)2‘“II
= 22 OX1O6HZ

Also from Equation (12), the total optical link -3d8 bandwidth la cnlc”lnted to be

%(-l) .[_]2+(-2,:&:-,~]’+(_]’+ (o,52,:ox106)]2+(_]’~
=140x106 Hz

10 satisfy the conditions of Equation (13), the total optical link -3dB bandwidth must be equal to or
great.ar than 70 percent of the optical baud. 3AFENET utilizes a 4B/SB coding format end a 100 Hbps
electrical line bit rate. With E equal to 5t4 from table vI, the optical line baud Is thus

baud= 5/4(100x106)= 125x106 baud

After substltutl”g In for the Il”k baud, Equation (13) becomes

BWT(-3)Z0 .7(125 X106) ZEEX106 HZ

I%ls Condition Is satisfied.

38.3.2.2 L~lgI. l’h18 Is a tactical link and It has bee” decided to
calculate the e“vlrc.nment.nl msrni”, so only a 3 dB safety margin (H) shall be used In the loss budget
equation. ThO path ~rom 12 to T8 includes two connectors, 40 spllces, five TCUS, and SIX cables.
Jumper cables are Internal to the transmitter and receiver and are co”sldered to be mgllglble (1=,
p=, O* = e). llto ❑aan snd standard devlatlon of the environmental 8argin (III and %) as calculated
from Equation (18) are ,

I P== 0.35(1.35)+ 2 [0.25)+ 10(0.16)+ 5 [0.35) = 4.32 dB

1
CE= [0.352(0.452)+ 2(0.08 ~)+10(0.05z )+5(0 .122) ]1i2 = 0.37 dB
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adjustments, A, are comprised of the 0.59 dB dispersion power penalty calculated from Equation (213) ms
follows

[1PD=o.74_ =o.59ciB

Because the specifications for transmitter output power end tha receiver semlti. ity are not given
o.er the lifetime of the device, these values must be derated accordln~ to table X11 The Coupled
power ratio for the .aptlcal source Is not know-n cm a value of K . 0.0 was chosen based on the
discussion In 5.5.4 (IJ typical ELED sourc.a K value). The transimt loss, T, should not be included in
the calculation based cm table XII, From Information provided by the cable manufacturer, p. (at 127I3
..) was doter.al nod to be e.&3 dB/km. The loss of the components ia calculated using equation (15)

The

me
the

P. = 0.2 + e.e(e. s-e. z) = e.ze ~ . e,4 + e.6(e. e.e.4)= e.52

u- = e.4 + e.e(e. e-e.4) = e.52

loss budQot equat!on, Equation (16), is

O < ~(10-1.5) -(-3.s+1)-3 -0.59 -4.32 -(0.35 )(1.3+0.061-2(0.52)-10(0.26)

- 5(0.52)- 2[12+i2+0 .372+ 0.352(0 .2)2+ (2)( 0.1)2+10 (O.l)2+5(O.l)2l1/2

o<9.35dB

right hand side of the above equation Is equal to EI,35 dB, and thus ths condlticms represented in
loss budget equation are satisfied. Tnis part of the analysis shows that a transmitter is able to

bypass three TW’S over the Ionoest Possible path length and deliver sufficient power to the recolver.
Now, the shortest path Iemgth must be analyzed to ensure that the trammitter Is mt saturetinQ the
receiver. The shortest path length Is 3e meters and will occur when the TCUS serving terminals T7,
Te, Te, or Tte cm In Ioopback mode (that Is, 15 meters from the terminal to the TCU, loop back
through the 7CU, and brick to the terminal), In this condition, the path would Include two connectors
(two different termi”i pair 1“ the multi terminus connector), twu spllces (of a ❑ultifib.er cable
splice), and one Tcu (In loop back mode). From Equation (1 S), the maximum power avail eble at the
receiver would be

P_ = -10 -0.03(1.3) -2(0.52) -,2(0.26) -1(0.52)

+z[(l. o)~ + o.032(o.2)~ +2(o.1)~ + (o.l)~]li~

= -11.10 cm

3e.3.3 J%ncluslonq. elnce the maximum receiver input power Is .<1 dBm, the link can c.perat~
In loop back mode without saturating the recelvcar. Therefore the DrOposOd system Is a viable natwork
solution at a e7 paree”t confidence level.

,,-- ‘
,;
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SINGLE HODE DESIGN EXAHPLE

$0, SCOPE

10.1 w, This appendix contains exenples for calculating bandwidth, loss budgets. and
other factor. necessmry to design single mode fiber optic systems. This appendix Is not a ❑andatory
pert of this standard. The component specifications end network topology presented herein were
developed for instructional purposes only and are not representative or any particular Installation.

213. APPLIC42LE WWHENTS

This section does not apply to this nppendlx.

3e, EXAHPLE

3e. t ~. mls oxamplo IS intended to provide Quidance to the. desic!n engineer On the
aPP1 ication of the formulae used tO evaluate the viabi I itY Of a hYPOthetlcal fiber oPtic tQPO!OQY.
The equations, paragraphs and tables referenced in this example can be found 1“ section 5 of this
standard.

3e.2 ~, The exam$le herein demonstrates the selection and nppllcatlon of equations
used to evaluate the 3AFENET topology shown In figure 22 and deacrlbod In 30.2.1. The topology and
component specl~icatlons have been provided by a Systen design team as a proposed tactical shipboard
network. IS the proposti system viable under worst case conditions?

315m

I I

1=
c

o
25 m

T
N .5

c

E 25 m
N T,

T

R

A

E

50.
T,

T
o
R 75 m

T,
2

d

*

225 m

•1Tx .sYs7m TERUW.4L x SPLICE @

FIWRE 22. $.9 N 000 I Ogy,

3e.2. f $vst.m sneclflcntl ons.

a. Fiber spaclflcntlons:

Type : single mode

Size: e.3/f25 PM
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b.

c,

d,

Attenuat ion:
Dispersion Slope
at ZOrO Dispersion
Wave I ength:

Fiber Zero
Dispersion
WaVOI e“gth :

Transmitter specifications:

Source Type:

Center
Wave I ength:

Spectral Width:

optical output
Power :

Rated Rise Time:

Receiver specifications:

Detector Type:

Sensitivity:

Haximum Input
POwer :

Ratad Rise Time:

SAFENET speclflcatlons:

Concentrators:

Spl ice Loss:

Connector Loss:

HIL-STO-205ZA(SH)
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4.0 dBlkm max e f3Qe n. t Ze nm

0.1 pslntikm

1311 rim

Semi conductor I aser d I ode (LD)

t3ee m * to m

1.25 nm NtlS

.3 dSm mln @ 1300 nm Into e,3/t2S w fiber over the rated
lifetime

e.s m max

Posit ive-lntr lnslc. Negative (PIN) Diode

-30 dBm min for a best case input signal end a BEN of 10.”
over the rated I Ifetlme

-12 dSm

2 ns max

See transmitter and rece 1vor above

e.e ds M9X

f.e de MSX

313.2.2 peslan evnlu at lo.. The design evaluation I I Iustrated in this example assumes n worst
case scenario, aging Included In the tre.nsm ltterlrecelver apecl f I cat ions, end calculates the
env i ronmenta I marg !n et e 9e percent co”f I dence I eve I

3e.2.2. f m.m dth and r I e mm. S i me trmsm I tters and receivers are I ctcatek
in the Systam term I n: Is and the C.mcentratore, the ma I mum cab I e I ength In th I e. topo I ogy Is 315I
meters. The shortest path is 25 meters betveen concentrator 2 a“d T’S, Te and 17. ~‘start i ..J . i th
Equat I on (7) and the ❑I n [mum transml tter wava I en~th the eource center wave I e“Qth for a I mar source is

A= = 1300-10 = 1290 rnn

From Equations (5) end (6) , the f Iber dispersion and the d18perslon ●lope at the f Iber .aptlc
transm I tter cmter vave I ength are

~ ‘2’011-(-)’1=““fro-’’(m(h)h)
~=1X1 0-13
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I
‘=-1’+3[-)’1=‘“’x’o-’’s’(m’-h)

The system-s minimum bandwidth will occur In the link with the longest lenQth of cable. For this
example, L, aquale 3<5 meters. 7ha rise times associated with the first and second order chromatic
dispersion for this link are given by Equations (3) and (4) to be

cd = (2.6) (1.25)(-2.15x10-12)(0.315) = -2.2x10 -12 S

% =
[

~.~ ~. 0~Xlo-13+ 2(-2.15X10-12)

1290 1
(1.25)2(0.315)= 7.0x10 -’4 S

Note that Equation (2) for cable modal bandwidth does not apply for single mode systems. From
Equation (12), by excluding the receiver and the fiber modal distortion terms, the flbertcable exit
bandwidth is

‘W-(-3)‘[-)2+(-2”:::-’2)2+(7”%:-1’)
Also from Equation (12), the total optical link -3dB bandwidth is calculated to be

‘wT(-)‘[-)’’(-’”:x:l-’’”~:[’”+[-’’r”+[-)’r”‘172x10’Hz~
To satisfy the conditions of Equation (13), the total optical link -3dS bandwidth must be equal to or
greater thm 7El percent of tha optical baud. SAFENET utilizes a 4S/5B coding format and a 400 Hbps
electrical ,llne bit rate. With E equal to 514 from table VI. the optical line band is thus

~ud= 5/4(100x106)= 125x10 sbaud

After substituting in for the baud, Equation (13) becomes

Rw=L-3)>0.7 (125x106 )”288xl~6 Ifz

fiis condltlon is satisfied.

30.2.2.2 LoSS budaet C81CUlntl on, 7hls Is n tc.ctlcal link and It has been decided t~
cafculnte the onvlronmental margin, so only a 3 dS safety margin (H) shall be used In the IOS8 budget
equation, 7hls path Includes two apllces nnd ono cable. Jumper cables are internal to the
transmlttar and receiver and are cons lderad to be negl iglble (1.c, ~, and h = 0). 7he mean and
standard devlatlon of the environmental margin (M and N) as calculated froo Equations (10) are

P== 0.315(1.35) + 2(0.16) + 2(.25) = 1.25 dB

CIg=[0.3152 (0.452)+ 2(0.052) + 2(.082).11/2 = 0.20 dB

I

Adjustments, A, Include a 0.39 ds dlsperelon power penalty and e.ee ds mods part It Ion noise penalty
calculated from Equations (20) nnd (2f) as fol low
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[rPD= 0.74- =o.39dE

II’125x106
Pm=o.5— =0. oola

580x10S

A single ❑ode optical cable does not have e transient loss. From information provided by the cable
❑anufacturer, II, wss determined to be 0.03 dS/km @ 129Q nm.
Is

TIIO loss budget equation, Equation (t7),

O < -3-( -36) -3- O- 0.39-l.25- (0.315) (l+ O. 06)-2(0 .6)-2 (l. O)-3[(.2O)2l1/2

O < 24.23 dB

The ?tiQht hmd side of the abo~e equation is equal to 24.23 ds and the conditions represented tin the
Ions budget equation are se.tle.fiad. Now, tho shortest path length must be analyzed to ensure that the
transmitter is not saturating the receiver. 7he shortest path length is 25 meters between
concentrator 2 end T5, T6 or T7. lhis path Includes one connector and me spllce. From Equaticm
(!8), tho M8XiD”mp0W0, avmllabla e.t the r~C~iVO, would be

P- = -3 -0.025(1.0) -1(1.0) -1(0.6) = -4.6d6

Slnca the maximum receiver Input power Is .12 dSm, the link transmltter8 will saturnto the receivers
and the link will not operate properly.

I 3e.2.3 mctuai ens. Because of the relatively high output power of the laser sources and the
relatively low maximum Input power of the receivers, attenuators may need to be pieced In al I of the
short concentrator. to-term inet Ii”ks. Further anslyais on these shorter links is necessary to
determine which will need attemators and how much attenuation Is required.

I
I
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